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Abstract 
Shoreline retreat has significant consequences for Point Pelee National Park’s (PPNP) ecological and 
economic systems. In this study, the shoreline changes of PPNP are examined in terms of their rates, 
their relationship to natural and anthropogenic influences, and methods for predicting shoreline 
positions.  
The rates of shoreline change are analyzed for the period 1959-2004 using ortho-airphotos. The 
eastern shoreline of the Park exhibited varying recession in both rising and falling Lake Erie water 
level, especially in the Northeast Beach, where it averaged -3.14 m˖y-1. The western shoreline of the 
Park generally exhibited accretion and had an inverse relationship with Lake Erie water levels. 
Longer duration of ice coverage during winter, favourable topography, and sedimentary conditions 
led to the observed difference in shoreline response.  
Unlike the shoreline net advance observed in 1959-2004, the western shore of PPNP on average 
exhibited net retreat in the winter of 2005/06. Compared to the winter of 2003/04, changes in Lake 
Erie water levels, winter wind regime and human-made structures and interferences were negligible 
during 2004-2006 within the Colchester-to-Southeast Shoal littoral cell in western Lake Erie, where 
western PPNP is located. However, the winter of 2005/06 exhibited overall low ice cover conditions 
unlike the typical freeze-up conditions in western Lake Erie. The 2005/06 shoreline retreat on the 
western shore is attributed to the low winter ice cover conditions during that winter. While less-than-
average ice cover does not in its own cause erosion, in certain areas it increases the opportunity for 
sediment removal by waves by removing a significant source of protection during winter. The episode 
illustrates the potential impacts of ice-free and low ice cover winters on the western shore of the park 
and shores under similar conditions.  
Accuracy of predictions of future shoreline positions is important for the park management. Three 
methods for shoreline position prediction are evaluated: end point rate (EPR), linear regression (LR) 
and Lake Level Predictor (LLP). On both sides, short-term predictions were more accurate than the 
longer-term. For eastern and western PPNP, the LR and EPR methods performed best, respectively. 
The LLP method performed better for the western side, underscoring the relationship between water 
level and shoreline position. For all methods, the highest errors in prediction were for the northeast 
PPNP, an area influenced by artificial structures adjacent to the park. This study proposes site-
specific method testing before predicting shoreline positions to quantify the errors associated with 
 
 vi 
each method. Human alterations of the sediment budget likely lead to high uncertainty in shoreline 
positions predictions for affected shores. 
The study projects shoreline positions in the future for the park’ eastern and western sides. The 
projections show that between 300,000 and 333,000 m2 of the park’s area will likely be eroded by 
2038. In comparison to the park’s area in 1931, by 2038 the park will have diminished by 6.4%. 
Based on the projection, the majority of the loss will be on the east side and the southern tip from 
both sides while the rest of the west side will stabilize or slightly advance in some sections. Future 
climate change patterns are expected to result in shorter ice-durations and more frequent ice-free 
winters in the western basin of Lake Erie, exposing western PPNP to wave action during the winter 
season and resulting in increased opportunity for erosion. 
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Chapter 1 
Introduction 
1.1 Preface 
The Great Lakes Basin is one of the most biologically diverse and productive regions in Canada, 
supporting different ecological systems including wetlands, flora, fauna and wildlife. More than 98% 
of Ontario residents live within the Great Lakes Basin, near the shores, in eight of Canada’s 20 largest 
cities, including Toronto, Hamilton, Windsor and Sarnia (Onario Ministry of Natural Resources, 
2012). The shore zone is exposed to a variety of processes, resulting in physical changes such as 
sediment transport, erosion, accretion and coastal development. The consequences of these changes 
include life and property loss, changes to the economic activities and natural resources alterations.   
In the most southern lake, lies Point Pelee National Park (PPNP) on the shores of Lake Erie. Point 
Pelee is one of smallest national parks yet is one of the most biodiverse parks in Canada. The park 
contributes to the regional economy through tourism by tens of thousands of visitors to the park and 
its shores.  
1.2 Contribution of the study 
The study aims to fill in a gap in the literature on Point Pelee by taking advantage of the availability 
of airphotos covering the period 1931-2008 that were not available in earlier studies. The airphotos 
provide snapshots of the shorelines in 1931, 1959, 1973, 1977, 1985, 1990, 2000, 2004, 2006 and 
2008, providing continuous spatial coverage for each date, unlike point-based sampling and 
measurements that were used in previous studies.  
This study explores the relationship between ice cover changes and shoreline positions utilizing 
satellite images to derive semi-daily ice-cover fields for Lake Erie. Such relationship was explored in 
other areas with conflicting results.  
Most studies related to shoreline changes on Point Pelee used the End Point Rate to estimate shoreline 
change rates, which are used for predicting future shoreline position. This study is the first to 
investigate the predictive accuracy of the method on Point Pelee shorelines in comparison to another 
two methods, Linear Regression and Lake Level Predictor. The research results in recommendations 
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to the park’s management regarding the accuracy of these methods on Point Pelee, providing a 30-
year projection of the park’s shoreline positions based on these evaluated methods.  
1.3 Objective of study 
The management of PPNP requires analysis of its shoreline changes, understanding of the park’s 
shoreline change rates and relevant processes that impact these changes.  
The study objectives are: 
• To analyze the shoreline changes for the park to help identify patterns of change for the 
shoreline on the two sides of the park.  
• To understand the physical processes impacting these changes to help forecast the future 
changes resulting from variability in these processes, namely ice cover, lake level and human-
made structures.  
• To test three shoreline position prediction methods and make recommendations regarding 
method selection based on their performance.   
• To project shoreline changes into the future based on the methods recommended to help the 
park management in planning ahead for these changes.  
1.4 Thesis organization 
The thesis is divided into eight chapters. The first chapter is introductory giving a preface of the study 
and outlines the study objectives. The second chapter covers concepts and processes discussed in 
literature relevant to this research and key data and methods used and the third chapter covers an 
analysis of shoreline changes in Point Pelee for the period 1959-2004. This is followed in the fourth 
chapter by an exploration of the variability of ice cover fields in Lake Erie, aiming to understand the 
episode of low ice cover in winter 2006. The fifth chapter focuses on understanding the impact of low 
ice cover on shoreline changes in western Point Pelee. Shoreline change rate methods in Point Pelee, 
Ontario are compared in the sixth chapter and  recommendations for predicting the park’s shoreline 
positions are presented. The seventh chapter outlines results for shoreline position predictions for 
2038 on Point Pelee shores. Finally, the eighth chapter gives a summary of the research conclusions, 
management implications and possible future work.  
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Chapter 2 
Regional Context and Literature Review 
 
The properties and evolution of coastal features in Lake Erie, including Point Pelee National Park, are 
outcomes of many different factors and processes. A review of the literature on Point Pelee shoreline 
changes is provided in this chapter. In addition, geomorphologic concepts and methods related to 
estimating the rates of shoreline changes based on airphotos are reviewed.  
2.1 Regional context 
The following section is devoted to the regional context of Point Pelee and related literature.  
2.1.1 Point Pelee 
Point Pelee is defined in this study by the geographic boundaries of Point Pelee National Park. The 
park was chosen for the study area due to its environmental and economic significance. Point Pelee is 
one of the most biodiverse national parks in Canada (Parks Canada, 2010; Smith and Bishop, 2002; 
Trenhaile and Dumala, 1978). About 70% of the park consists of marshes and the remainder is 
dryland forest, swamp forest, beach, and red cedar savanna (Figure 2-2). The park supports 
Carolinean flora and fauna because of its mild climate. Ecologically, the park is recognized as a 
Wetland of International Significance by the Ramsar Convention on Wetlands (Ramsar, 2010) and  
has more species at risk than any other national park in Canada (Dobbie et al., 2006). The park 
contributes to the regional economy through tourism by tens of thousands of visitors to the park every 
year (Parks Canada, 2010).  
The park is a freshwater cuspate foreland that extends up to 9 km from north to south and up to 4.2 
km from east to west with an area of about 15 km2 (Parks Canada, 1997). Being a peninsula, the park 
is subject to storm waves, storm surges, and seiches from all sides except its north (Figure 2-1). The 
eastern side of the Park in particular is subject to the most effective wind-generated wave action 
causing erosion (East, 1976). The higher wave action is attributed to greater fetches on the eastern 
side compared to those on the western side. This is a result of the fact that greater fetches result in 
increases in wave period and wave speed, both of which result in higher wave energy.  
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Figure 2-1 Regional context of the study area. The two relevant littoral cells are shown: Cholchester to 
Southeast Shoal and Port Crewe to Southeast Shoal littoral cells (Reinders, 1988; Trenhaile et al., 2000). 
 
The western side of Point Pelee is part of the Colchester-to-Southeast Shoal littoral cell within the 
western basin of Lake Erie (Figure 2-1). The general direction of longshore sediment transport is 
from west to east, due to the dominant westerly winds (Reinders, 1988). There is evidence of 
sediment transport in this direction as seen in Figure 2-3 which shows evidence of sediment transport 
in the general directions described above and the accumulation of the transported sediments updrift of 
Leamington Harbour. The bluffs between Colchester and Leamington consist of sand or sandy loam, 
providing a source for sediments transported eastward.  
The eastern side is part of Port Crewe-to-Southeast Shoal littoral cell (Reinders, 1988). The general 
direction for this littoral cell is from west to east as evidenced by sediment accumulation east of 
Wheatley Harbour (Figure 2-5). A thin barrier beach, composed of fine- to coarse-grained sand, 
separates the park’s marshes and ponds on the eastern side from Lake Erie (Figure 2-2). The barrier 
beach is dependent on seasonal storms and sediment supply through bluff erosion to the east and 
littoral sediment transport (Trenhaile et al., 2000). Marentette Beach, is a developed area immediately 
updrift of the Park with structures aimed at controlling erosion.  These interrupt longshore sediment 
flow (LaValle and Lakhan, 1997) to Northeast Beach (Figure 2-2). Cioppa et al. (2010) conducted 
magnetic analysis of sediment samples taken the area between Point Pelee and Rondeau Provincial 
Park, about 90 km to the east. Their study suggests that the source of the beach sediments to eastern 
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Point Pelee is the sand bluffs at the eastern end of their study area, between (Ouvry-Dealtown), rather 
than the till bluffs.  
 
 
Figure 2-2: Reference map of Point Pelee National Park. Photos were taken in October 2012. 
 
The structures in Marentette Beach were first installed in 1970 as experimental groynes (Figure 2-4). 
Hatfield et al. (2010) took magnetic measurements on sand samples from the eastern beach of PPNP. 
By mapping magnetic susceptibility as a proxy for erosion along the eastern side of the park, they 
identified 2.4 km (31%) of the beach where erosion was high. 
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Figure 2-3 Leamington Harbour exhibits evidence of sediment transport in the SE direction. The upper 
photo is from Google Map 2012 and the lower photo was taken in October 2012. 
  
Figure 2-4: The photo to the left, taken in 1970, shows the southernmost experimental groyne at the 
southeast corner of Marentette Beach and a timber crib groynes to the north (the lowest in the photo). 
The photo to the right, taken in 1976, shows the wide recession in Bush Pond and Marentette Beach. Note 
the stranded groynes in the lake in the photo to the right. Photos are from Baird (2010). 
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Figure 2-5 Wheatly harbour exhibits evidence of sediment transport in the SW direction. The upper left 
photo is from Google Maps 2012. The lower right photo was taken in October 2012. 
 
Figure 2-6: The tip exhibits variations in its extent from a year to another. The photo on the left was 
taken in 2007 and the one on the right was taken in 2012. 
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At the end of the littoral cell, western PPNP has historically been a depositional landform for most of 
the last 4,000 years (Trenhaile et al., 2000). However, it exhibits large fluctuations in its size from 
one year to another (Figure 2-6). 
Several morphological features exist in PPNP such as sand dunes, sand plains, sand ridges and swales 
(Figure 2-2). Dunes in the north consist of aeolian material topping wave-deposited coarse sediments. 
Generally, dunes indicate the accumulation of sand blown inland by onshore winds. Ridges and 
swales to the south are formed of small pebbles to coarse, mainly wave-deposited sand, with fine 
aeolian interbedded sediments. The sand plains are a low-relief area that consists of fine, well-sorted 
aeolian sands, on top of coarser wave-deposited sands (Trenhaile et al., 2000).  
The lake bathymetry around Point Pelee is generally described as shallow in the western basin and 
relatively deeper in the middle basin (Figure 2-7). This variation in topography between the eastern 
and western side is one of the reasons waves on the eastern side have higher energy. The relative 
steepness in the east compared to the west means that wave friction with the bottom is reduced by the 
deeper lake floor resulting the higher amount of incident wave energy in the east.  
 
 
Figure 2-7: The bathymetry of Lake Erie around Point Pelee (from National Geophysical Data Centre, 
NOAA) 
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2.1.2 Considerations for Shoreline Changes in the Great Lakes 
Before reviewing the literature on Point Pelee shoreline changes, some important considerations have 
to be made when studying shoreline changes in the Great Lakes. About 40% of the shorelines of the 
lower Great Lakes is classified as cohesive shoreline formed of glacial till that has high silt and clay 
content (Davidson-Arnott and Ollerhead, 1995). One important difference between sand and cohesive 
materials is that once fine sediments are entrained, they are carried offshore because they stay 
suspended for long time and eventually are deposited in deep water. However, sand and gravel mostly 
remain in the littoral zone to be deposited somewhere within the nearshore zone. Therefore erosion of 
consolidated cohesive material is irreversible (Nairn and Willis, 2002).  
Another consideration concerning cohesive shorelines is that in periods of high water levels, bluff 
toes that have a high content of cohesive material become more easily eroded because consolidated 
fine sediments change from a solid form to mass flow as the moisture content increases. High water 
content was found to be correlated with negative changes in beach height and toe erosion of bluffs in 
the southern shores of Lake Erie (Amin, 2001). 
Seasonal changes in wind speed and storm frequency mean that there are periods when erosion 
becomes the dominant process due to the higher energy of the blowing winds. In Lake Erie, winter 
storms contribute to much of the erosion on its shorelines (after Li et al., 2001b). 
2.2 Data and Shoreline Change Rates 
2.2.1 Introduction 
Shorelines as dynamic part of a larger physical system evolve once initiated under the effects of 
coastal processes. To calculate and assess rates of shoreline change, a clear definition of ‘shoreline’ is 
needed. In most shoreline change studies, the shoreline is defined as the physical interface of land and 
water (Bird, 2001; Dolan et al., 1980). In reality such an interface continuously changes its position 
due to sediment movement and other factors  such as waves, storm surge, tides… etc (Boak and 
Turner, 2005). For the purpose of long-term shoreline change studies, shoreline indicators are used as 
proxy to represent shoreline position (Moore et al., 2006).  
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There are several types of shoreline indicators. Boak and Turner (2005) present 45 examples of 
shoreline indicators identified from the shoreline analysis literature. Bluff top/base, vegetation line, 
dune line, high-water line, mean high-water line, wet/dry line and beach toe are the most used 
indicators. It is important to notice that all of these indicators change with time (except for long-term 
mean high-water line) and therefore, they represent the shoreline at the instance the measurement of a 
shoreline is taken. A good shoreline indicator must be practical such that it exists everywhere a 
shoreline is to be identified, repeatable such that skilled individuals can identify it, and reliable such 
that it provides consistent representation of the shoreline position (Pajak and Leatherman, 2002).  
2.2.2 Data for Mapping Purposes and Ortho-airphotos 
There are different sources of data to map shorelines. To assess a shoreline’s rate of change over a 
span of time, spatial data should be available for a minimum of two different times. Historical coastal 
maps and charts are one of the main sources of historical shoreline data. They can be digitized and 
converted into Cartesian coordinates and eventually geographic coordinates. Caution should be taken 
as the accuracy of such maps can vary depending on the source of the map, availability of ground-
control points and the quality of the map (Crowell et al., 1991; Thieler and Danforth, 1994).  
Over the last decade, other and new sources of shoreline data have been introduced. Morton et al. 
(1993) suggested that accurate coordinate points from Global Positioning System (GPS) can be used 
to survey shorelines with reasonable costs using a GPS unit mounted on a moving vehicle. Palacio-
Prieto and Ortiz-Perez (2002) used rectified vertical video images to show the effects of Hurricane 
Roxanne on coastal geomorphology in southeastern Mexico. Li et al. (2001a) suggested that high 
resolution satellite images (e.g.. IKONOS) have potential for usage in shoreline change studies, hence 
reducing mapping costs. Airborne light detection and ranging (LIDAR) is a technology that uses laser 
beam reflection to calculate shoreline positions. LIDAR has the advantage of covering hundreds of 
kilometres of coasts in a relatively short time (Boak and Turner, 2005). In regional and global scales, 
Landsat satellite images can be used to detect shoreline changes upon filtering and enhancement 
(Ekercin, 2007).  
Aerial photographs are one of the main sources of historical shoreline position data. Because this 
study depends heavily on airphotos for shoreline data, the subsection below discusses their usage in 
shoreline change studies. 
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2.2.2.1 Ortho-airphotos 
Before using aerial photographs in shoreline change analysis, they have to be corrected for distortions 
resulting from varying scales within the air-photo, vertical exaggeration, relief displacement and other 
sources of distortions (Lillesand et al., 2004). Modern photogrammetric instruments allow converting 
scanned aerial photos into a 3-D digital terrain model and a geo-rectified orthophoto (Boak and 
Turner, 2005).  
In this study, digital orthorectified airphoto sets from years 1931, 1959, 1973, 1977, 1985, 1990, 
2000, 2004, 2006 and 2008 were obtained from Point Pelee National Park, Parks Canada and Essex 
Region Conservation Authority (ERCA). The airphoto sets were taken mostly in April, in early 
spring, before the storm season under clear conditions. The airphotos were rectified to the 2004 
digital airphoto, which was orthorectified to a digital elevation model (DEM) of the region. The root 
mean square error of the orthorectfication process was generally kept under 1.0 metre (T. Dufour, 
personal communication). The 1973 series was used to trace the shorelines of eastern PPNP, but was 
unsuitable for the western shoreline because of poor air-photo quality. The 1931 and 1977 digital 
airphoto sets were further rectified using PCI Geomatica with georeferenced control points from the 
digital 2004 orthorectified airphoto. Control points were selected on the basis of fixed structures such 
as parking lots, human-installed structures, and buildings. Scales and resolutions of the airphotos are 
provided in Table 2.1.  
Table 2.1 Metadata of airphotos used in the study. 
Year Scale  Resolution (m) Date Flown 
1931 1 : 10,500 0.25 April 1931 
1959 1 : 4,000  0.25 April 1959 
1973 1 : 10,000  0.50 January 1973 
1977 1 : 4,000  0.15 January 1977 
1985 1 : 30,000  1.00 Summer 1985 
1990 1 : 9,000  1.00 April 1990 
2000 1 : 6,250  0.10 April 2000 
2004 1 : 10,000  0.50 April 2004 
2006 1 : 10,000 0.30 April 2006 
2008 1 : 6,000 0.10 April 2008 
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Shorelines, traced and digitized on screen using ArcGIS, were detected using the wet/dry boundary 
mark method (Boak and Turner, 2005). Some areas within Point Pelee had a shoreline that consisting 
of human-installed rocks and debris; as a result the usage of other shoreline detection methods was 
not feasible.  
 
Transects were electronically formed every 30 metres along the eastern and western shorelines of the 
Park using MS Excel and ArcGIS. These transects were created perpendicularly to a baseline parallel 
to the1985 shoreline. The digitized 1985 shoreline was chosen for creating the baseline because the 
1985 shoreline was closest to the midpoint between the shorelines of 1959 and 2004. In total, 282 and 
314 transects were created on the eastern and western sides, respectively.  
An important consideration has to be taken for aerial photos. When using airphotos for shoreline 
change studies, one has to be aware of the shortcomings of this process. Each airphoto is a reflection 
of beach morphodynamics at the time, or shortly before, the photo was taken, and may therefore be 
quite atypical of average conditions at that time. The airphoto sets were taken in clear weather during 
springtime to minimize variance among the airphoto sets. However, conditions may still vary within 
and between different springs and this would be reflected in the position of the shoreline at those 
times. Weather, wave and tide conditions impact the short-term status of the shoreline at the time of 
photography and may cause error when estimating the long-term shoreline changes (Smith and 
Zarillo, 1990). Despite these shortcomings, airphoto sets remain one of the most cost-effective and 
widely-accepted ways to depict shoreline positions over time.  
2.2.3 Methods Used in Estimating and Predicting Shoreline Change 
To detect temporal changes in shoreline positions, shorelines are referenced to an arbitrary baseline 
offshore of the beach. Shoreline change rates are usually calculated at transects normal to the 
baseline. Depending on the curvature of the shoreline, some transects can cross (Fletcher et al., 2003). 
The change of a shoreline from one year to another measured on a transect can be attributed to two 
main changes. The first one results from the fact that the shoreline has a slope; therefore, the rise and 
fall of water will inevitably result in changes to the shoreline horizontal position. The other change 
results from coastal processes that may result in accretion, recession or stabilization of the shoreline. 
 
 30 
In this study, the first type of change is not calculated and is considered a source of error in the 
calculations of shoreline change. 
In coastal studies, there is no consensus among researchers on a methodology to estimate and predict 
long-term shoreline change rates (Douglas et al., 1998; Galgano and Douglas, 2000).  Dolan et al. 
(1991) reviewed several methods that are commonly used for measuring shoreline rate-of-change that 
are summarized in the following paragraphs.  
The End Point Rate (EPR) is the simplest technique. It involves modeling the relationship between 
past shoreline positions and time as a line (y = mx + c), where y and x are the shoreline position and 
time respectively and metres and c are the linear relationship constants. Its main advantage is its 
simplicity as it needs only two data points in a given time period. Its main disadvantage is that it 
ignores data points in between while using the two extreme data points in time. Despite criticism 
given to this method, most historical studies used this technique.  
The Average of Rates (AOR) method calculates all possible EPR combinations at one transect, and 
then averages the results. Its main advantage is that it incorporates the error ratios to choose which 
EPR should be included in the calculations. Its main disadvantage is the sensitivity of the same 
minimum time span equation it uses as an uncertainty measure. Therefore, it is recommended that 
AOR be used in combination with EPR and Linear Regression (LR).  
The Linear regression (LR) method uses the Least Squares method through all data points at a 
transect vertical to the shoreline. Its advantages include being a common statistical method, easy 
usage, using all data points and computing the variance of the statistical fit to the data points. The 
main disadvantage is that when there is a cluster of modern data points and one old data point, well 
separated in time from the cluster, the early data point will have an unrealisticly strong influence on 
the linear fit (Dolan et al., 1991).  
The Jackknifing (JK) method uses multiple linear regression lines for data points along a transect but 
with the elimination of one point each time. The slopes of all regression lines are then averaged to 
estimate the long-term trend of shoreline change. The main advantage of this method is that it reduces 
the bias caused by extreme values. One of the two main disadvantages is the amount of computation 
involved. The other disadvantage is that this method is ineffective when using a small number of 
shoreline data points (Dolan et al., 1991).  
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All of the above methods assume linearity in trends. For shorelines that show a nonlinear, cyclic or 
chaotic behaviour, the Minimum Descriptive Length (MDL) method is suggested (Fenster et al., 
1993). In this technique, short-term variations and reversal in trends are taken into account. When 
extrapolating, only linear models are used for predictions. This method is particularly useful for 
shores that show recent reversal in trends as it emphasizes the recent data points more than the old 
ones.  
As seen from the different advantages and disadvantages of these techniques, in a given area a certain 
method might give good results while another might not. Deciding which method to use depends on 
the nature of the data variability and the purpose of the study (Dolan et al., 1991). In this study, the 
methods used are EPR and LR. A third method that uses annual lake level average as a surrogate for 
shoreline changes is used in chapter 6. Further details on this method are outlined in the chapter.     
Rates of shoreline change are represented in units of distance over time. To predict future trends 
based on past trends, the rates of shoreline changes are extrapolated into the future (Fenster et al., 
1993). Other considerations in calculating rates of shoreline change include but are not limited to: 
long-term vs. short term trends, linear vs. non-linear estimation, and error-to-signal ratio (Dolan et al., 
1991; Galgano and Douglas, 2000).  
To calculate shoreline change rates in the Great Lakes Basin, Zuzek et al. (2003) suggested that the 
temporal period for such study should be at least 50 years and should include periods of high and low 
lake levels. They also recommended further study along the Great Lakes Basin to determine which 
methodology from the above mentioned fits best the nature of the shorelines in the Great Lakes.  
2.3 Lake Erie’s Post-glacial Water Levels 
Lake level is the most important variable influencing shoreline change because of its variability and 
instant influence (Hands, 1983). A shore system responds to changes in water levels by shifting its 
shoreline position (LaValle and Lakhan, 2000). The section below discusses Lake Erie’s water level 
changes. 
Lake Erie is the most southern lake of the Laurentian Great Lakes. Therefore, it was the first to be 
uncovered by the retreat of the Laurentide ice sheet during the late Wisconsin, about 13,000 year B.P. 
In the beginning of the post-glacial era, Lake Erie water level was high as a result of the accumulating 
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water from melting ice until the glacier retreated into the Ontario basin. As a result of this retreat, 
there was an opening and water drained into Lake Ontario through the Niagara outlet. This drainage 
brought the lake level to about 40 metres below its current water level around 12,500 B.P. Since then, 
the lake level has been rising as a response to isostatic crustal rebounding of the Lake Erie outlet. 
Lake Erie outlet, known as the Niagara outlet, is on a bedrock sill that is presently only 5 metres or so 
below lake datum (Coakley and Lewis, 1985; Trenhaile et al., 2000).  
Around 12,000 B.P., the lake was mostly formed of discrete ponds of water in the eastern and central 
parts of the lake. Water level in these two basins was about 30-36 metres below present datum. 
Western Lake Erie, the shallowest part of Lake Erie, was mostly dry with local sills of 10-15 metres 
elevation controlling any water trapped in between them. By 10,000 B.P., the lake level rose to 
around 15 metres below datum. As a result, between 10,000 and 7,000 B.P. the western basin was 
flooded and the surface area of the lake expanded. The lake level stayed flat until the period from 
5,000 to 3,900 B.P. In this period, the lake level rose abruptly to levels as high as 5 metres above 
datum. This period coincides with the onset of the Nipissing Flood, when upper Great Lakes drainage 
returned to Lake Erie through the St. Clair River (Coakley and Lewis, 1985).  
Employing new bathymetry compiled by Taylor et al. (1998), Holocombe et al. (2003) used lake floor 
depositional features (e.g. sand ridges, forelands, spits, bars, and fans) as indicators of past water 
levels at the time of their formation at the shore zone at lower lake levels. They came up with lake 
level histories that are location specific. Their paleogeography maps of Lake Erie at 5,300 and 3,600 
B.P. are shown in Figure 2-8. 
Over the last 3,500 years, water levels in Lake Erie have been fluctuating in the same hydraulic 
regime (Quinn, 2002). However, there has been a slow rise in levels (approximately 10 cm/century) 
from about 3,000 B.P., which is difficult to explain in terms of the hydrological changes (Coakley and 
Lewis, 1985). The average lake level over the last 100 years is around 174 metres above sea level 
referenced to the International Great Lakes Datum (IGLD-85). The variations in maximum mean 
annual water levels over the last 1,800 years is similar to these observed since the year 1819 C.E. 
(Bishop, 1990). Since 1860 C.E., water levels in Lake Erie have had a relatively small range, 
approximately 2 metres from the recorded maximum monthly mean to the recorded minimum 
monthly mean (Lofgren et al., 2002). However, these subtle changes (Figure 2-10) have had a 
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significant effect on shoreline erosion (Larson and Schaetzl, 2001). These changes are discussed 
separately in the following subsection.  
 
 
Figure 2-8: Postulated paleogeography of Lake Erie 5,300 and 3,600 B.P., (after Holcombe et al., 2003).  
 
2.3.1 Lake Erie’s Water Level Variations 
Several factors cause the observed variations in water level in modern Lake Erie. According to 
Holcombe et al. (2003), the most important factors affecting the lake level are blocking/unblocking, 
erosion, and distance from outlet sills, differential isostatic rebound, upper Great Lakes drainage 
flowing into or bypassing the lake, and the climate-driven water budget of the Lake Erie drainage 
basin. Lake Erie is fairly shallow; the deepest point in the eastern Basin is about 64 metres, in the 
central Basin 24 metres, and in the western Basin 11 metres below IGLD, (Figure 2-9). This causes 
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the lake level to fluctuate with subtle variations in any of the previous factors. These fluctuations are 
evident in the annual averages of monthly lake levels collected by the U.S. Army Corps of Engineers 
for the period from 1918 to 2008 (Figure 2-10).  
 
Figure 2-9: Bathymetry of Lake Erie, (after Taylor et al., 1998) 
The fluctuations of Lake Erie levels can be categorized into three time scales: interannual variability, 
seasonal cycles, and episodic events. Interannual variability can change the lake level within a range 
of 200 centimetres, seasonal cycles within a range of 46 centimetres, and episodic events such as 
storms and ice jams within a range of 50 centimetres to 3 metres (Quinn, 2002). In Lake Erie and all 
other Laurentian Great Lakes, tides have a very small range and are therefore, negligible.  
2.3.1.1 Interannual Variability 
The interannual variability of Lake Erie’s levels results from long-term changes in weather, 
particularly precipitation and air-temperature/evaporation. This variability is responsible for record 
high and low monthly lake levels (Quinn, 2002). High lake levels correspond with higher than normal 
precipitation and/or cooler than normal temperatures, which cause lower than normal evaporation 
(Larson and Schaetzl, 2001). On the basis of Lake Michigan historic beach ridge data, two long-term 
quasi-periodic cycles are identified in the Great Lakes basin (Thompson and Baedke, 1997). 
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Figure 2-10: Annual averages of water levels of Lake Erie (1918-2005) relative to IGLD in meters. Data 
source: U.S. Army Corps of Engineers.  
According to Thompson and Baedke, the longest cycle has an average period of 160 years (120-200 
year) and amplitude of 0.5-1.50 metres. The other cycle has an average period of 33 years (29-37 
year) and amplitude of 0.5-0.6 metres. These two cycles are apparent when superimposed on the 
modern historical record (1861-2000) of Lake Erie water level (Figure 2-11).  
Shorter-term interannual fluctuations in water levels have been linked to El-Nino/Southern 
Oscillation as the latter generates variations in the amount of precipitation over the region. To 
investigate the short-term fluctuations in lake level, LaValle et al. (2000) analyzed lake level data and 
Southern Oscillation Index for the period 1978-1997. They found that El-Nino events are related to 
higher water levels and vice versa with La-Nina events.  
A description of the time series of the annual mean water levels since 1861 with its major high and 
low periods is provided in a following subsection. 
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Figure 2-11: Lake Erie Annual Mean Water Levels Showing 160 and 33 Year Cycles (Source:  Baird, 
2004). 
2.3.1.2 Seasonal Changes 
Seasonal changes in Lake Erie levels are caused by changes in water budget components; 
precipitation, runoff, and lake evaporation. The water balance of the lake around the year is illustrated 
in Figure 2-12. When there is more inflow to the lake, the lake level will rise as a result of the surplus 
in water volume and vice versa. Each of the water budget terms (runoff, precipitation, and 
evaporation) has a fairly large annual volume in comparison with the capacity of the lake itself as a 
result of the lake’s shallowness (Quinn, 2002). Therefore, small changes in water supply will have 
rapid responses in Lake Erie. Eighty-five percent of its water supply comes from the upper Laurentian 
Great Lakes, and only 15% from the lake’s net basin supply (Quinn and Guerra, 1986). Other factors 
that contribute to seasonal changes include changes in connecting channel ice retardation and jams, 
and lake regulation. According to Quinn et al. (2002) the seasonal range has decreased by 40% as a 
result of changes in these latter factors.  
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Figure 2-12: Lake Erie seasonal water balance (Source: Quinn, 2002). 
 
2.3.1.3 Episodic events 
The third type of change is episodic. These changes can be caused by storm surges and ice jams in the 
connecting channels, which can cause fluctuations in amplitude up to 3.0 metres (Quinn, 2002). The 
geometry and the bathymetry of Lake Erie allows for significant storm surges to occur when weather 
fronts pass over the lake. In such cases, very high water levels may occur at the downwind end of the 
lake and vice versa at the other end. Friction with the bottom plays an important role in diminishing 
the seiche effect after a few periods. This is especially important for diminishing storms progressing 
from northeast to southwest due to the shallowness of the western basin and the lack of a reflective 
boundary (Figure 2-9). The geometry also plays a role in storm surge events. Decreasing width serves 
to focus and exaggerate water levels during storm surges by 40 to 50% at the Buffalo end of the lake. 
On the other hand, because of the decreased narrowing at the western end, the exaggeration of water 
levels is only 10% (Libicki and Bedford, 1990).  
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To compare storm surges on the eastern and western ends of the lake, two examples are presented 
here. Hamblin (1979) presented an example of a storm surge caused by winds of up to 125 km•h-1 on 
April 6, 1979. As the storm progressed from west to east, it produced a Buffalo-Toledo set-up that 
was about +4.5 metres at the Buffalo end. The storm caused property damages in millions of dollars. 
By contrast, a northeast storm in November 1972 generated winds of 115 km•h-1 . The storm set-up 
caused the waters at Toledo to rise only 1.2 metres above the mean (after Libicki and Bedford, 1990). 
In the night of March 13/14, 2006, a storm removed the southern tip of Point Pelee National Park 
(PPNP), which is the southernmost point of mainland Canada (Mick, 2006).  
2.3.2 History of Low and High Waters over the Period 1861-2000 in Lake Erie 
Lake levels are a reflection of natural and anthropogenic changes. Changes in precipitation and 
evaporation represent the main natural changes. Changes in channels controlling water inflow and 
outflow from the lake represent the main direct anthropogenic changes. For example, the navigation 
channel linking Lake Huron and Lake Erie was deepened during the 1930s and 1960s, which caused 
increased flow between the two lakes (Baird, 2004).  
The earliest continuous record of water levels in Lake Erie goes back to 1849 in Port Colborne, 
Ontario (Bishop, 1990). Upon supplementing the data set with data from Buffalo and Cleveland, a 
130-year cycle can be seen with its crests at 1858 and 1986 (Figure 2-13). The high water level 1858 
is higher than that of 1973 and comparable to that of 1986. This suggests that the range of variability 
observed in lake level recently is within the range of variability observed since 1819. The pre-1860 
data however were not taken systematically and therefore data reliability is questioned. The 
systematic program of daily measurement was not initiated until 1860 (Bishop, 1990). 
 
 39 
 
Figure 2-13: Lake Erie water level in Port Colborne 1819-1990 (Source:  Bishop, 1990). 
By using 25, 15 and 5 year moving averages of the annual mean lake levels from 1861 to 2001, 
Changnon (2004) illustrated the main characteristics of the time-series of Lake Erie water levels. As 
the <5 year variations are smoothed out, the long term trends can be clearly seen (Figure 2-14). A U-
shape is apparent in both the 25 and 15 year moving average time series. The lowest level period is 
seen in the period of 1931-1945 while the highest level period is seen from 1973-2001 (Changnon, 
2004). Indeed, the lowest and highest level annual averages were centered on these two periods 
(Table 2.2). Notably, all biggest differences in lake level in consecutive years correspond to a sudden 
drop in lake level (1930/1931: -0.57 metres; 1988/1989: -0.40 metres; 1999/2000: -0.45 metres).  
The above-mentioned fluctuations reflect changing climate conditions. They have impacts on the 
shorelines on the coastal processes and features. These impacts will be discussed in the following 
subsection.  
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Lowest level records (1861-2001) Highest level records (1861-2001) 
Year 
Level (metres above 
sea level) 
Year 
Level (metres above 
sea level) 
1925 173.59  1973 174.74  
1934 173.33  1986 174.90  
1964 173.61  1997 174.72  
Table 2.2: Lowest and highest annual averages of Lake Erie level during the period 1861-2001 referenced 
to IGLD (Data source: US Corps of Engineers). 
In this study, monthly-averaged Lake Erie water levels were obtained from the NOAA Great Lakes 
Environmental Research Laboratory (GLERL) website (http://www.glerl.noaa.gov/), collected by the 
United States National Ocean Service (NOAA, 2010). 
2.3.3 The Impacts of Lake Level Changes on Shoreline Position 
In general, high water level lifts the wave base and causes more erosion as waves now reach new 
levela of sediments on land (Carter et al., 1986). The higher the water level, the higher the storm 
surge, and in turn, the greater the likelihood of the erosion process (Danard et al., 2003). The impact 
of higher water levels is felt in economic losses. For example during the mid-1980s, a period of high 
water level, the economic losses due to inundation and erosion in the Great Lakes were estimated to 
be between US$62-72 million per year (after Changnon, 2004). Therefore, many of the coastal studies 
focused on the response of shorelines to high water levels in the Great Lakes and its populated and 
developed shores. Evidence for rapid shoreline recession as a response to high water levels is 
provided by Hands (1983). Between 1967 and 1975, shorelines in Lake Michigan receded as water 
levels increased. Even two years after the water level reached its peak, shorelines continued to recede 
before reaching an equilibrium state. This is consistent with the response of shorelines in the 
Northeast Beach of Point Pelee National Park between 1978 and 1996. LaValle and Lakhan (2000) 
showed that erosion of shorelines was initiated as a response to a persistent rising lake level, and 
continued even after water level started to decline. Erosion caused by high level waters can be 
worsened by artificial human-installed structures. As mentioned in section 2.1.2 above, higher water 
content results in increased vulnerability to erosion in cohesive bluffs on the Great Lakes.   
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Figure 2-14: Time-series of lake levels based on the 5-, 15-, and 25-year moving averages of the levels of 
Lake Erie 1861-2001 (after Changnon, 2004). 
Low water levels in general mean accretion in the Great Lakes. Hands (1983) found that accretion 
was observed on the Lakes as a response to falling water levels. Hands (1983) and LaValle and 
Lakhan (2000) noted that accretion happens only after a persistent period of low water.  
While in general such responses happen in response to high and low water levels, the ultimate 
shoreline response is ruled by a balance between changes in water level and sediment supply (Morang 
and Parson, 2002). When there is greater erosion, more sediments are available and thus, depending 
on the nature of these sediments, accretion may happen even under water level rise (after Cooper and 
Pilkey, 2004). Therefore, it is better to consider that changes in water level may have different effects 
on different shorelines because local conditions differ from a place to another. Morang and Parson 
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(2002) summarized the relationship between water level change, sediment supply and shoreline 
response (Table 2.3).  
 
Table 2.3: Shoreline response to varying sediment supply and water (sea) level changes (Source:  Morang 
and Parson, 2002). 
 
2.4 Ice Cover Impact on Shorelines 
During winter, ice cover may play a conflicting role in enhancing/inhibiting erosion. In periods with 
temperatures consistently below freezing, an ice foot forms along the beach as slush ice is driven 
against the shore by winds and waves (Hampton and Griggs, 2004), effectively blocking waves, 
freezing the beach area and preventing wave-driven loss of sediment. As ice melts and shifts, 
sediment entrained in the ice is transported alongshore and offshore, resulting in local net sediment 
loss. There is therefore variability in the net effect of ice on shoreline erosion. In some cases, ice 
enhances erosion and in other cases it inhibits erosion.  Barnes et al. (1994) found that nearshore ice 
plays a role in removing sediment from the southern Lake Michigan shore. Kempema et al. (2001) 
found that ice attached to the lake bed removes a significant amount of sediment from the nearshore 
zone of southwestern Lake Michigan. Other coastal studies on cold climate processes indicate that the 
net impact of thawing ice plays a role in removing sediment through sediment entrainment and 
transport offshore (e.g. Are et al., 2008; Bernatchez and Dubois, 2008). In Lake Erie along the Point 
Pelee shore, nearshore ice was found to protect the beach and where ice was absent, considerable 
erosion took place (after Coakley, 1977). Recently, Dale and Byrne (2010) found that during the 
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subzero temperature periods of winter 2010, water along the western beach of Point Pelee became 
frozen and was subsequently covered by snow, removing the possibility of any wave erosion during 
subzero temperature periods.  
Ice-cover concentration data for four winters (2003-2006) were obtained from the United States 
National Ice Center website, http://www.natice.noaa.gov. Ice-cover charts used in this study consisted 
of 185 daily maps that were averaged into weekly fields. The digitized ice-cover charts for the Great 
Lakes are described by Assel (2003). Assel (2004) analyzed Lake Erie’s ice cover for the period 
1898-2002 using modeled data for winters 1898-1972 and observed data for winters 1973-2002. His 
analysis showed that the lake ice season for the western basin of Lake Erie usually starts in December 
and ends by April. Based on this definition of lake ice season, in this study weekly-average ice cover 
concentrations were analyzed for four winters covering the period December 1st to April 30th of the 
years 2002 to 2006.  
Assel (2005) defined the seasonal average ice cover as the sum of the daily lake-averaged ice cover 
over a winter divided by 182 (the number of days between December 1st and May 31st). Analyzing 
ice cycles over a 30-winter base period (1973 to 2002) in the Great Lakes, he ranked ice cover cycles 
of Lake Erie into mild, typical and severe. These classifications are used in this study to describe the 
2005/06 winter in Lake Erie. Median ice cover concentrations in the western basin of Lake Erie were 
averaged for the 2005/06 winter and compared to those of 2002/03, 2003/04 and 2004/05 winters. 
2.5 Human-installed Structures and Shoreline Change 
Human-made structures intended for shoreline protection can cause immediate interruption of 
sediment supply at the downdrift end of the littoral cell. For example, shoreline protection structures 
were installed in 1973 north of the eastern side of PPNP. Using Northeast Beach data from 1978 to 
1996, LaValle and Lakhan (2000) suggested that beaches that are directly influenced by artificial 
structures suffer disproportionately higher erosion during high-water levels, which is consistent with 
the relatively extreme erosion witnessed in the Northeast Beach during the period of 1973-1977.  
About 83% of Lake Erie’s south shoreline is armoured (1,127 kilometres out of total 1,350 
kilometres), effectively hindering long-shore sediment transport (Stewart, 1999). According to Moang 
et al. (2011), the greatest loss of material from Lake Erie’s littoral zone has probably been sediment 
trapping at the updrift side of jetties. 
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Data on human-made structures and human-induced changes in the region were obtained from the 
local conservation authority, Essex Region Conservation Authority (ERCA) through personal 
communication. Empowered through provincial legislation, ERCA manages the natural resources of 
the Essex Region in partnership with member municipalities and the Province of Ontario (ERCA, 
2011).  
2.6 Climate Change Impacts on Lake Erie’s Shores 
Recent changes in the climatic system of the Great Lakes in general are believed to be related to 
global climate change. Increases in annual average air temperature, stronger storms, lower lake levels, 
more precipitation and shortage of lake ice-cover periods in winter are expected to become more 
common in the Great Lakes region (Christensen et al., 2007; Emanuel, 2005; Kling et al., 2003; Scott 
and Suffling, 2000; Scott, 2002; Webster et al., 2005). In the following subsections, the focus is on 
the impacts of two trends: increasing storm activity and lowering of lake levels.  
2.6.1 Impacts of Storm Activity Trends Related to Climate Change: 
Climate change studies indicate that there have been changes in storm activities as a result of the 
warming sea surface (Emanuel, 2005; Mann and Emanuel, 2006; Webster et al., 2005). Lake Erie’s 
region is impacted by hurricanes from the Gulf of Mexico and extra-tropical cyclones from Alberta 
and Colorado storm tracks as seen in Figure 2-15 (Danard et al., 2003; Zishka and Smith, 1980). 
Webster et al. (2005) suggested that over the last 30 years, the overall number of tropical cyclones has 
not increased but the number of hurricanes has increased, which means that storms have become 
stronger. Emanuel (2005) asserted that this increase in intensity is related to increased sea surface 
temperatures. This increase is caused by anthropogenic factors, namely climate change and not by 
fluctuations of a natural cycle (Mann and Emanuel, 2006). As a result of this change, more storms 
now have longer lifetime and greater intensity.  
 
 
 45 
 
Figure 2-15: Preferred storm tracks (black arrows) in January for the years 1950-1970 (from Zishka and 
Smith, 1980). 
Storms cause higher water levels as a result of the water level set-up by higher wind speeds. Storm 
surges in Lake Erie cause a water level set-up that can reach 4.5 metres (Hamblin, 1979). The higher 
the storm surge, the greater the possibility of erosion (Danard et al., 2003). Erosion during storms can 
extend considerably above the level of water level set-up and can reach the dune system, well behind 
the shoreline. Wang et al. (2006) found that strong wave energy accompanied by high water levels 
under storm conditions caused erosion in the beach/dune system that resulted in a reduction in land 
elevation of up to 2 metres in NW Florida barrier islands. Therefore, it is expected that this trend in 
storm intensity will lead to more erosion because of the increase in wave energy and reach. Emanuel 
(2005) defined an index of potential destructiveness based on the total dissipation of power over the 
lifetime of cyclones. He found that since the mid-1970s, there has been higher destructiveness and 
that this trend is expected to continue (Emanuel, 2005). 
Climate change is expected to bring warmer weather to the Great Lakes in all seasons (Scott and 
Suffling, 2000). This will have an impact on the ice cover forming in winter as a result of subzero 
temperatures. Currently, when ice cover melts away in spring, the Lakes’ shorelines become prone to 
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storm surges (Danard et al., 2003). In future, less ice cover will result in the elimination of ice cover 
protection during the winter season and the exposure of the Lakes’ shorelines to storm surges and 
wave action during winter. This means additional erosion is expected to occur if winter storm 
intensity increases due to the lack of ice cover protection.  
Increased rates of erosion of Lake Erie’s shorelines have two impacts. The first one is the possible 
disappearance of certain coastal features as a result of extreme erosion. For example, the southern tip 
of Point Pelee National Park, a sand spit that was more than 850 metres length in 2000, vanished over 
night as a result of a storm in the night of 13/14	  March	  2006	  (Mick,	  2006).	  Cohesive	  bluffs	  will	  be	  
more	  susceptible	  to	  erosion	  as waves will reach the bluff toes to cause more erosion. The other side 
to more storm erosion is the availability of sediments in the littoral cell. This means some places 
down drift may accrete if the right type of sediment (sand and gravel) is supplied.  
2.6.2 Impacts of Lower Lake Levels  
Lower lake levels are expected in Lake Erie as a result of Climate Change (Lofgren et al., 2002; Scott 
and Suffling, 2000). Under doubled-CO2 atmospheric concentrations, four global climate models 
predict that Lake Erie’s mean annual water level to drop by 0.83 to 1.91 metres (Lofgren et al., 2002; 
Scott and Suffling, 2000). Another model however projects an increase in Lake Erie water level. 
HadCM2 Scenarios projects an increase of 0.27 metres by the year 2090 (Lofgren et al., 2002). Most 
global climate models predict the decrease as a result of higher rates of evaporation (Scott and 
Suffling, 2000). 
Reduction in lake level may counter the impacts of the predicted increase in storm surges. A drop in 
water level will lower the level the waves can reach and extend the beach areas as new land is gained 
on the foreshore. It will reduce wave action’s impact on Lake Erie’s cohesive bluffs and therefore, 
reduce their rate of erosion. If new berms are formed as a response to the new low water level, new 
sand ridges may be formed from the older berms.  
Will the lowering of lake level eventually have a net advance or retreat of the shoreline? The answer 
to such a question varies from one area to another depending on the balance between sediment supply 
and lake level as mentioned above (Table 2.3). For example, on the eastern side of Point Pelee 
National Park, the shoreline retreated on average as lake level dropped and advanced as lake level 
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rose (Figure 2-16). Less erosion also means less sediment transported down-drift and thus less 
deposition at the end of the littoral cell.  
 
Figure 2-16: The response of shoreline positional change on the eastern side of Point Pelee National Park 
averaged over the eastern side. Notice how when lake level drops, shoreline position retreats too expect 
for the period 1985-1990. 
2.7 Summary: 
Shoreline change studies in the Great Lakes region should take into consideration the special 
properties of the region. Cohesive bluffs do not contribute much sand and gravel to the sediment 
budget. High energy waves of winter storms and human interruption to the littoral cell contribute to 
erosion of many coastal features that developed along shorelines of Lake Erie in the post-glacial era. 
Different shoreline change methods are used to estimate shoreline change rates but caution has to be 
paid while picking the set of methods most appropriate for the region.  
The variability of Lake Erie’s water levels plays an influential role in shaping shoreline change rates. 
High waters in the past century are linked generally to erosion on the shorelines of PPNP. There are 
different responses on each side of the PPNP due to the differences in storm wave-energy 
climatology. The eastern side of the park is more susceptible to erosion due to longer fetches on 
central and eastern Lake Erie among other reasons. Climate change will bring storms with higher 
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intensity to the region. However, the net impact of this increase in storm intensity might be countered 
by the effects of lower lake levels, though not necessarily. Shoreline change rate predictions provide a 
knowledge base to the park’s management for educated decision-making regarding the park’s 
shorelines.  
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Chapter 3 
Shoreline Changes Analysis in Point Pelee National Park  
(1959-2004)1 
3.1 Abstract 
Shoreline change rates of Point Pelee National Park, Ontario are estimated for the period 1959-2004 
using ortho-airphotos. The eastern side of the Park experienced varying recession regardless of Lake 
Erie water level changes, especially in the Northeast Beach, where it averaged -3.14 m˖y-1. The 
western side of the Park generally exhibited accretion and had a inverse relationship with Lake Erie 
water levels. Longer duration of ice coverage during winter, favourable topography, and sedimentary 
conditions led to the observed difference in shoreline response. Future climate change patterns are 
expected to result in lower lake levels and less winter ice-coverage, both of which will likely result in 
a net loss to the Park’s land habitat.  
3.2 Introduction 
The management of Point Pelee National Park (PPNP or the Park hereafter) requires understanding of 
the Park’s shoreline change rates and relevant processes. Using surveys from the Department of 
Public Works in 1918 and the Canada-Ontario Great Lakes Shore Damage Survey in 1973, Coakley 
(1977) estimated mean annual rates of shoreline change for the 55 year period of 1918-1973 for the 
areas NE, SE, NW and SW of PPNP, respectively. This study aims to take advantage of the 
availability of ortho-airphotos to compare modern trends in Point Pelee shoreline change rates for the 
period 1959-2004 to those observed in Coakley’s (1977) study, and to quantify and analyze the 
statistics of shoreline change rates on a higher resolution on both sides of PPNP. Shoreline change 
rates at PPNP are discussed in relation to interactions with human-made structures and two relevant 
processes— lake level changes and winter ice-coverage.  
                                                      
1	  This	  chapter	  is	  a	  product	  of	  joint	  research	  and	  constitutes	  of	  a	  research	  paper	  that	  was	  published	  in	  the	  
Journal	  of	  Coastal	  Research:	  	  
BaMasoud,	  A.,	  Byrne,	  M.-­‐L.,	  2011.	  Analysis	  of	  Shoreline	  Changes	  (1959-­‐2004)	  in	  Point	  Pelee	  National	  Park,	  
Canada.	  Journal	  of	  Coastal	  Research,	  27(5),	  839-­‐846.	  	  
See	  Declaration	  of	  Co-­‐Authorship	  /	  Previous	  Publication.	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3.3 Study Area 
Point Pelee National Park is the most southern part of mainland Canada (Figure 1). About 70% of the 
Park consists of marshes and the remainder is formed of dryland forest, swamp forest, beach and red 
cedar savanna (see for details Smith and Bishop, 2002; and Trenhaile and Dumala, 1978). The 
triangular Park, one of the most bio-diverse Canadian parks, extends up to 9.0 km from north to south 
and up to 4.2 kilometres from east to west at its northern side. Point Pelee National Park, established 
in 1918, is surrounded by Lake Erie from every direction except north and is subject to storm waves, 
surges and seiches causing erosion on both sides. The eastern side of the Park in particular is subject 
to the most effective wind-generated wave action causing erosion (East, 1976). The higher wave 
action is attributed to greater fetches on the eastern side compared to those on the western side. The 
Park has been the subject of several studies regarding its origin, evolution and processes (Coakley, 
1976; Coakley, 1977; Coakley, 1980; Coakley et al., 1998; LaValle and Lakhan, 1997; LaValle and 
Lakhan, 2000; LaValle et al., 2001; Trenhaile and Dumala, 1978; Trenhaile et al., 2000).  
Northeast Beach (Figure 3-1), adjacent to Marentette Beach, is a developed area outside the Park with 
structures aiming to control erosion, interrupting longshore sediment flow (LaValle and Lakhan, 
1997). Northeast Beach has experienced some of the highest recession rates in the past and the 
problem became of major concern after 1973 (see Coakley, 1977; LaValle, 1985-1995; LaValle and 
Lakhan, 1997). The most southern part of the Park, known as the Point Pelee tip, is subject to high 
spatial variability. For example, a storm in March 2006 resulted in its ‘disappearance’ (Mick, 2006). 
The tip reappeared the year after as a more than 500-metre long sand spit (CBC News, 2007). The 
Park is believed to be pivoting westward due to accretion on its western shores and erosion on its 
eastern shores (Trenhaile et al., 2000). The two sides of the Park are part of two littoral cells that 
merge at the southern tip. The western side is part of Colchester to Southeast Shoal littoral cell (Baird, 
2008) and the eastern side is part of Port Crewe to Southeast Shoal littoral cell (Baird, 2007). 
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Figure 3-1 Regional and local context of PPNP, Ontario. 
 
3.4 Data and Methods 
Orthorectified aerial photographs from years 1959, 1973, 1977, 1985, 1990, 2000 and 2004 were 
obtained from Point Pelee National Park and County of Essex, Ontario. The 1973 series was used to 
trace the shorelines of eastern PPNP, but was unsuitable for the western shorelines because of poor 
air-photo quality. The 1977 air photo was corrected for spatial rectifying using PCI Geomatica with 
georeferenced control points from the rectified 2004 air photo. Control points were selected based on 
fixed structures such as parking lots, structures and buildings.  
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Air photographs were flown in winter or early spring before the storm season, except for the 1985 set, 
which was flown during summer. The resolution of these orthophotos, listed with scales in Table 3.1, 
varied from 0.15 to 1.00 metre.  
Table 3.1 Characteristics of orthorectified air photos used in the study. 
Year Scale Orthophoto resolution [m] Date flown 
1959 1:4,000 0.25 April 1959 
1973 1:10,000 0.50 January 1973 
1977 1:4,000 0.15 January 1977 
1985 1:30,000 1.00 Summer 1985 
1990 1:9,000 1.00 April 1990 
2000 1:6,250 0.10 April 2000 
2004 1:10,000 0.50 April 2004 
 
Shorelines, traced and digitized on screen using ArcGIS, were detected using the wet/dry boundary 
mark method (Boak and Turner, 2005). Transects were electronically formed every 30 metres along 
the eastern and western shorelines of the Park using MS Excel and ArcGIS. These transects were 
created perpendicularly to a baseline parallel to the1985 shoreline. The digitized 1985 shoreline was 
chosen for creating the baseline because the 1985 shoreline was closest to the midpoint between the 
shorelines of 1959 and 2004. In total, 282 and 314 transects were created on the eastern and western 
sides, respectively.  
To calculate shoreline changes between consecutive airphoto pairs for the available data, 
measurements of the distance between respective digitized shorelines were taken along transects  
normal to the baseline. To obtain the shoreline change rates, the End Point Rate (EPR) method was 
used (for details see Dolan et al., 1991). In summary, EPRs (m˖y-1) were obtained by averaging the 
net shoreline displacement between the 1959 and the 2004 shorelines. EPRs were calculated for each 
of the following periods: 1959 to 1973, 1973 to 1977, 1977 to 1985, 1985 to 1990, 1990 to 2000, and 
2000 to 2004. On the western side, EPRs were calculated for the period for 1959 to 1977 because the 
1973 ortho-airphoto was deemed unusable for that side.  
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To simplify analysis, adjacent transects were divided into four groups on each of the two sides of the 
Park from north to south based on similarity in exhibited shoreline changes. To compare these groups 
to each other, rates were averaged in these four groups on both sides (Figure 3-2). To compare the 
shoreline change rates in these areas to those calculated in Coakley’s (1977) study, the rates provided 
in Coakley’s study were averaged for the corresponding locations. For example, area W-a in this 
study corresponds to the locations E-30 and E-1-26 in the aforementioned study; therefore, the rates 
calculated in Coakley’s study were averaged to compare them to the ones obtained in this study.  
Lake Erie monthly averaged water levels were obtained from the Great Lakes Environmental 
Research Laboratory (GLERL) website. Water levels are collected and archived by NOAA's National 
Ocean Service (NOAA, 2010).  
 
Ice Charts from the Great Lakes Ice Atlas for ice-cover concentration data for the period 1973-2002 
(Assel, 2003) were used to examine ice cover conditions around PPNP. These ice-cover data consist 
of over 1200 digitized ice charts for Lake Erie throughout winter seasons from 1973 to 2002. This 
study utilizes average duration data for ice coverage concentration that is greater than or equal to 90% 
of each unit of lake surface area. The data and their description are publicly accessible through 
NOAA GLERL.   
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Figure 3-2 End-point rates for the period 1959 to 2004 along PPNP shorelines, displayed by giving 
different colors to the transects used in the calculations. The two shorelines underneath the transects 
represent the 1959 and 2004 shorelines. Negative values correspond to recession rates and positive values 
correspond to accretion rates. 
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3.5 Results  
Shoreline change rates are described for the Park over the entire period, followed by a discussion of 
temporal behavior of spatially averaged rates for each of the two sides.  
3.5.1 Shoreline Change Annual Rates 
Shoreline change annual rates obtained from EPR estimations for the entire period of study (Figure 
3-2) show that the two sides of PPNP experienced very different shoreline change patterns, consistent 
with previous studies (Coakley, 1977, Coakley, 1980). However, each of the two sides exhibited a 
pattern of shoreline change that is different from that observed in Coakley`s study (1977). In general, 
the eastern shores of PPNP (PPE hereafter) exhibited erosion over the period of study, with highest 
erosion observed in the Northeast Beach area, reaching up to 200 m. In contrast, the western shores of 
PPNP (PPW hereafter) experienced accretion for most of its length. Based on patterns of shoreline 
change rates, transects on the two sides of the Park were divided into four groups and EPRs were 
averaged for these areas to facilitate comparison with Coakley’s rates (1977, Figure 5). Results are 
summarized in Table 3.2.   
 
On PPE, the Northeast Beach area exhibited the highest recession rates (-3.14 m˖y-1). The area is 
likely affected by the shore protection structures outside the Park, extending northward from 
Marentette Beach. Recession rates decreased gradually towards the south in section E-b (-0.90 m˖y-1). 
Section E-c exhibited the lowest recession rates (-0.33 m˖y-1) relative to other sections in PPE. A 
slight convex shoreline pattern appears in the middle of this section, probably as a result of relatively 
less recession. The most southern  section (E-d) corresponded to the eastern side of the tip and 
exhibited an average recession rate of -1.03 m˖y-1.  
 
Compared to the rates previously reported for the period 1918-1973 (Coakley, 1977), updated 
recession rates in general are higher in PPE. In particular, recession rates in Northeast Beach 
deteriorated to -3.14 m˖y-1 (this study) compared to -1.60 m˖y-1 (Coakley, 1977). The rest of PPE 
changed from “stable or slightly accreting” to receding with rates ranging from -0.33 to -1.03 m˖y-1.  
On PPW, the most northern section, W-a, exhibited a net accretion rate of 0.20 m˖y-1. The middle 
section, W-b, exhibited the highest accretion rates (0.40 m˖y-1). Section W-c exhibited a net accretion 
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rate of 0.23 m˖y-1. The most southern section (W-d), corresponding to the western side of the tip, 
exhibited a negligible net rate of change.  
 
Table 3.2 Averaged EPRs in areas of eastern and western PPNP. Codes refer to areas identified in Figure 
2. Rates and corresponding locations for 1918-1973 (Coakley, 1977) are included for comparison. 
Negative values correspond to recession and positive values correspond to accretion. 
West PPNP  East PPNP (m˖y-1) 
1959-2004 1918-1973 1959-2004 1918-1973 
Location EPR  [m˖y-
1] 
Location EPR 
[m˖y-1] 
Location EPR  [m˖y-
1] 
Location EPR [m˖y-
1] 
W-a +0.20 E-30 
E-1-26 
+0.20 E-a  -3.14 E-40 -1.60 
W-b +0.40 E-31 
E-32 
-0.40 E-b -0.90 E-38 
E-39 
+0.55 
W-c +0.23 E-33 -0.30 E-c -0.33 E-37 +0.50 
W-d -0.02 E-34 
E-35 
-0.70 E-d -1.03 E-35E 
E-36 
+0.25 
 
Shoreline change rates on PPW were also different from these reported for the period 1918-1973. 
Area W-a was the only area that exhibited the same rates previously reported. The rest of PPW was 
either accreting or stable in 1959-2004 compared to “slightly receding” in 1918-1973. The western 
side of the tip that previously exhibited recession rates of 0.70 m˖y-1 experienced a negligible net rate 
of change resulting from periods of oscillating recession and accretion (Table 3.3). 
3.5.1.1 Temporal Variability of Shoreline Change Rates  
The temporal variability of the EPRs of the Park is analyzed in two separate sections because of the 
different patterns in shoreline change in the two sides. End Point Rates in each period were averaged 
for the entire side (i.e. for all transects). For example, EPRs in the first period 1959-1973 were 
averaged for PPE and so forth for the other periods. Averaging EPRs obscures spatial variability 
within PPE and PPW that is seen in the previous section. However, for the purpose of comparing 
temporal variability of EPRs, this averaging still gives a fair representation of the general behavior of 
EPRs in PPE and PPW because of the dissimilarity in shoreline changes in PPE and PPW. 
Aggregated EPRs hereafter are referred to as AEPRs. 
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Table 3.3 Statistics of annual averages of end point rates in Eastern PPNP. Negative values correspond to 
recession and positive values correspond to accretion. 
[m˖y-1] 1959-1973 1973-1977 1977-1985 1985-1990 1990-2000 2000-2004 
AEPRs −0.05    −8.45  −2.31     1.28    −0.89    −0.03 
Median −0.02    −5.88    −2.05     2.27    −0.86    −0.52 
Minimum −2.05   −53.90   −10.62   −13.39    −3.98    −7.30 
Maximum 3.15 3.81 11.17 7.09 3.79 13.90 
Standard 
Deviation 
0.73     8.95     2.88     3.68     1.44     2.80 
 
3.5.1.2 Eastern PPNP (PPE)  
The time series of EPRs and AEPRs of PPE shorelines show high variability with time and space as 
indicated from their values and standard deviations (Figure 3-3 and Table 3.3). Higher standard 
deviation values of EPRs in a period indicate high spatial variability in that period as shoreline 
change rates vary from one transect to another.  
During the first period, 1959-1973, AEPR was negligible and had a relatively narrow 95% confidence 
interval, indicating a negligible net change and low spatial variability. This period however is 
followed by a period (1973-1977) that exhibited extreme recession rates, the highest during the entire 
study period, with an AEPR of −8.4 m˖y-1. The 95% confidence interval in this period is about 18 
m˖y-1on each side of the mean (Figure 3-3), which reflects the range of spatial variability of EPRs 
were during that period.   
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Figure 3-3 End-point rates (m˖y-1) along the eastern side of PPNP with their statistical means and 95% 
boundaries. 
 
Figure 3-4 A scatter plot showing the end-point rates in the periods 1973–1977 and 1977–1985. Transects 
230–282, circulated ‘‘+’’, correspond to Northeast Beach on the eastern side of PPNP. 
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In the period 1977-1985, PPE continued to experience some recession, yet with some extreme 
accretion (>10 m˖y-1) in the Northeast Beach. During these two periods (1973-1977 and 1977-1985), 
there is a different pattern of shoreline changes between the Northeast Beach and the rest of the PPE 
shorelines. A scatter plot of EPRs in the two periods (Figure 3-4) shows the different responses 
between the two parts of PPE. The area just south of Northeast Beach on PPE to the tip (transects 1-
229) experienced a net recession of −5.9 m˖y-1in 1973-1977 and −1.9 m˖y-1in 1977-1985 and formed 
a cluster indicating less variability. On the other hand, in the Northeast Beach there is an inverse 
semi-linear relationship between the ERPs in the two periods. Within Northeast Beach area, transects 
that experienced the highest rates of recession in 1973-1977, experienced the highest rates of 
accretion in the following period, whereas transects with the lowest  recession rates or some accretion 
during 1973-1977, have experienced the highest rates of recession in 1977-1985. Such reversal in 
shoreline change rates might suggest that a redistribution of sediments in the Northeast Beach area 
took place during these periods. This distinctly different pattern for Northeast Beach in comparison to 
the other sections of PPE was not seen in scatter plots of other periods (not shown). 
The period 1985-1990 is the only period that witnessed positive AEPR for PPE shorelines. The 
Northeast Beach however, endured greater recession (AEPR = −2.68 m˖y-1) in this period. This period 
is followed by another period of negative AEPR (1990-2000). The last period (2000-2004), shows a 
negligible net shoreline change.  
3.5.1.3 Western PPNP (PPW) 
The PPW shore exhibited a very different pattern of change compared to that observed on PPE 
(Figure 3-5 & Table 3.4). For the most part, the PPW shore experienced net accretion by the end of 
the study period. The standard deviations of ERPs in all periods were considerably smaller than these 
found in PPE and so were the ranges between minimum and maximum EPR in any given period, both 
of which are indicating lower spatial variability in any given period.    
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Figure 3-5 End-point rates (m/y) along the western side of PPNP with their statistical means and 95% 
boundaries. Note the difference in vertical scale compared with these in Figure 3-3. 
During the first period, 1959-1977, PPW exhibited a negligible AEPR with a standard deviation of 
EPRs that is a minimum relative to other periods (Table 3.4) indicating the lowest spatial variability. 
This is similar to corresponding minimum spatial variability on PPE in the period 1959-1973. 
Western PPNP experienced a single period of measurable net recession in 1977-1985 (AEPR= −0.87 
m˖y-1), which was less than PPE’s AEPR during 1977-1985 (−2.31 m˖y-1). The two periods that 
followed (1985-1990 and 1990-2000) were dominated by accretion in most of the PPW shorelines. 
During 1985-1990, a period of sharply falling lake levels, high accretion rates are evident in the 
southern areas of W-a and northern areas of W-b (indicated by outliers in Figure 5), which gave it the 
highest AEPR compared to the other periods. The 1990-2000 period also experienced a net accretion 
along all PPW transects. The last period (2000-2004) experienced a negligible net change. However, 
some areas experienced relatively high recession, especially towards the tip of the Park as it changed 
its position and extent in 2004 relative to 2000. 
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Table 3.4 Statistics of annual averages of end point rates in Western PPNP. Negative values correspond 
to recession and positive values correspond to accretion. 
[m˖y-1] 1959-1977 1977-1985 1985-1990 1990-2000 2000-2004 
AEPRs −0.06 −0.87 1.40 1.09 −0.07 
Median 0.04 −0.78 1.24 1.09 0.00 
Minimum −1.11 −2.92 −0.92 0.10 −4.61 
Maximum 0.64 0.33 6.03 2.71 1.74 
Standard 
Deviation 
0.40 0.64 1.14 0.47 0.85 
 
3.6 Discussion  
There is a pattern of eastern recession and western accretion in Point Pelee National Park confirming 
the migration of the Park to the west as reported in previous studies (Coakley, 1977, Trenhaile et al., 
2000). The westward migration is not equal on both sides of the Park as seen from the higher values 
of recession rates on PPE versus the accretion rates on PPW, which means that the rates in the period 
of study do not suggest a uniform westward pivoting of PPNP but rather a net reshaping and 
shrinkage of the Park. If rates continue, Northeast Beach will likely recede more than 150 metres in 
the next 50 years and the eastern shore of the tip will retreat 50 metres, eroding the current beach and 
adding to the decline of the swamp forests of the Park that represent the major vegetation in that area 
(after Smith and Bishop, 2002). The future of the tip is uncertain with continuing recession from the 
east and the overall stable conditions on the west. 
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3.6.1 Shoreline change rates and human-made structures 
The eastern side of PPNP receded significantly in all sections. Relative to the other sections, recession 
of Northeast Beach was greatest with rates of up to −50 m˖y-1 (see section E-a in Figure 2, transects 
230-283), consistent with patterns observed previously in this area (e.g. Coakley, 1977, LaValle and 
Lakhan, 1997). On average, Northeast Beach receded in all study periods except for the years 2000-
2004. Northeast Beach is susceptible to human interference from the adjacent developed area to the 
north known as Marentette Beach. Starting from 1973, a period of instability occurred in Lake Erie 
levels. During the period 1972–1986, Lake Erie twice experienced high water levels that were records 
in 141 years (Changnon, 2004). Such rapid rise and associated variability (Figure 6) might have 
triggered wide recession, to which inhabitants of Marentette Beach responded by installing structures 
to protect their properties. This likely led to deprivation of sediments and initiated a period of high 
recession in Northeast Beach. Using Northeast Beach data from 1978 to 1996, LaValle and Lakhan 
(2000) suggested that beaches that are directly influenced by artificial structures suffer 
disproportionately higher erosion during high-water levels, which is consistent with the relatively 
extreme erosion witnessed in the Northeast Beach during the period of 1973-1977. The higher PPE 
recession rates observed in this study compared to those observed in Coakley’s study (1977) are 
likely the result of the shore protection structures installed in the 1970s. Despite harbours, jetties and 
groynes up in the Colchester to Southeast Shoal littoral cell, PPW shores enjoyed a supply of 
unconsolidated sediments brought by the longshore currents flowing generally towards the tip of the 
Park.  
3.6.2 Shoreline change rates and lake level changes 
Lake level changes are one of the principal variables that affect shoreline changes (e.g. Coakley, 
1976, Trenhaile and Dumala, 1978, LaValle and Lakhan, 2000). Climate Change is going to affect 
changes in the levels of the Great Lakes (AMEC Earth & Environmental, 2006), which in turn will 
impact the shorelines of Lake Erie. The following section discusses the temporal variability of the 
two variables, shoreline change rates and lake level changes. The orthophotos used in this study were 
taken in periods of high water and low water levels in Lake Erie (Figure 3-6).  
In order to examine the statistical relationship between shoreline changes and lake levels, we 
averaged shoreline displacements on each side of the Park. Mean shoreline displacement was then 
standardized by removing temporal mean and dividing by standard deviation (similar to LaValle and 
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Lakhan, 2000). Ninety-five percent of all dimensionless values should fall within ±1.96. The same 
was applied to annual averages of Lake Erie water levels. This way, variability in each variable is 
easier to compare given the differences in units and scale between the two variables. Annual averages 
of water levels were used instead of monthly values as they are assumed to be a smoother 
representation of water levels in the year during which the orthophoto was taken.  
 
Figure 3-6 Lake Erie water level during the period 1959–2005. Stars indicated the times when the air 
photos used in the study were flown. 
From the available data (Figure 3-7), shoreline displacements and annual means of Lake Erie water 
levels are statistically uncorrelated along PPE. This lack of correlation can be attributed to the reverse 
of general trend in the period 1985-1990 and the too few degrees of freedom. Recall that the average 
displacement was negative for PPE indicating recession. The overall average recession means that 
positive standardized values for mean shoreline displacements are associated with less recession; 
negative standardized values of mean shoreline displacements are associated with more recession. 
Except for the period 1985-1990, generally lowering lake levels corresponded with more recession 
and vice versa. This relationship is counterintuitive because lowering lake levels are usually 
associated with either accretion or lower recession rates. During high water levels at the supply end of 
the littoral cell, consolidated material erodes into sand, silt and clay. The finer silt and clay is carried 
out to the lake, but the sand finds its way down the littoral cell to the shorelines of the Park. During 
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low water levels, the waves attack the glacial till layer, dominated by silt and clay that underlies the 
entire east side of the Park (Coakley et al., 1998). This sediment availability may help reduce erosion 
along the southern PPE shorelines. In addition, PPE shorelines are especially vulnerable to 
irreversible erosion during low lake levels because of their cohesive nature, mainly glacial till, which 
underlies the entire East side of the Park (Coakley et al., 1998). Once these cohesive sediments are 
eroded, they are carried into the deep water away from the coastal region. Such drifting of sediments 
into the lake steepens the shoreline and hampers any built-up of a barrier bar that helps rebuild the 
beach in lower lake level conditions as happens in sandy beaches. The 1985-1990 period is an 
exception possibly due to the rapid drop of lake levels within the relatively short period of five years, 
exposing some submerged areas.  
On PPW, the correlation between the two variables is more observed (Figure 3-8). The correlation 
coefficient between the two variables is -0.79, which is indicative of the association between higher 
lake levels and recession, but not significant given the too few degrees of freedom. This relationship 
can be explained by the composition of the beach and offshore sediments along PPW, consisting 
mainly of aeolian and shoreface sand. Coakley et al. (1998) undertook an extensive drilling program 
along the western barrier bar of the Park. Their data showed non-cohesive sediments extending more 
than 300 metres into the western basin of the lake. This sediment composition allows for a beach 
profile response to water level changes similar to that described by the Bruun Rule, where sand 
migrates to the nearshore zone during high water levels and gets deposited back at the beach during 
low water levels (Bruun, 1988).   
Changing water levels in the Great Lakes are expected to be one of the most important climate change 
impacts in the region (Scott and Suffling, 2000). Lake Erie’s water level is expected to drop by an 
amount from 0.83 to 1.36 metre by the year 2050 (Lofgren et al., 2002; Mortsch, 1999). This drop 
will likely result in accretion on PPW but it is unknown at this point how PPE will react because of 
the complexity of processes and human interferences. It is worth mentioning that not all models 
predict water level drop; using input from HadCM2 (a global circulation model by the United 
Kingdom Meteorological Office’s Hadley Centre), a 0.04 metre rise in Lake Erie water level is 
predicted by 2050 and 0.27 metre rise by 2090, due to increased precipitation (Lofgren et al., 2002).  
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Figure 3-7 Standardized values of mean shoreline position displacements on the eastern side of PPNP 
relative to 1959’s shoreline superimposed over standardized annual mean lake levels. The correlation 
coefficient is negligible. 
 
Figure 3-8 Standardized values of average shoreline position displacements on the western side of PPNP 
relative to 1959’s shoreline superimposed over standardized annual mean lake levels. The correlation 
coefficient is -0.79. 
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3.6.3 Shoreline change rates and ice coverage 
Lake ice forms in winter on both sides of the Park. Ice has two potential differing roles: protection 
from erosive waves or intensification of later erosion by affecting near-bottom topography. Generally, 
ice forms in Lake Erie every winter and protects the beach. Where it is absent, considerable erosion 
takes place (after Coakley, 1977). Dale and Byrne (2010) found evidence of sediment accumulation 
on the beaches of PPW during the winter of 2010. Water along the beach became frozen during sub-
zero temperature periods and was subsequently covered by snow, negating the possibility of erosion. 
Ice-coverage data for Lake Erie (1973-2002) show the number of days in the winter season 
(December-May) that lake surface area was at least 90% covered by ice (Assel, 2003). The western 
basin of Lake Erie is covered with ice for longer periods than the central basin due to shallower 
bathymetry and shorter fetch length (Figure 3-9). By averaging ice coverage periods for the two sides 
of the Park, PPW typically was protected by ice for 62 days each winter compared to 43 days for PPE 
for the period 1973-2002. Longer periods of ice coverage protection from winter storms and its 
destructive wave action on the western side due to the dissimilar topography and geographic 
orientation may explain some of the differences in shoreline change patterns observed on the two 
sides of the Park.  
Climate change is expected to affect winter ice coverage. The results of a study on climate change 
effects on Great Lakes water resources indicates that drastic reductions in ice cover will result from 
the temperature increases such that under the Canadian Centre for Climate Modeling and Analysis 
(model CGCM1) predictions, most of Lake Erie will have 96% of its winters ice-free by 2090 
(Lofgren et al., 2002). This reduction in ice coverage will expose PPNP to winter and early spring 
storms and their wave action, which may lead to reversing the observed accretion rates on PPW and 
increasing erosion rates on PPE in particular due to higher wave energy during winter storms 
resulting from longer fetches.   
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Figure 3-9 Duration of ice concentration >90% averaged over winters 1973–2002 (days). 
 
3.7 Conclusions:  
In the period 1959-2004, Point Pelee National Park underwent high recession rates on its eastern 
shorelines and mild accretion rates on its western shorelines. Compared to previously calculated 
shoreline change rates (Coakley, 1977) that had shown mild accretion on PPE and mild recession on 
PPW, rates on PPE reverted to recession from north to south while the western side exhibited 
accretion instead of the previously reported mild recession. Current recession rates will continue to 
threaten natural habitat in the Park as more land is lost to the lake.   
Recession and accretion rates were not spatially uniform along the Park shorelines. In particular, 
Northeast Beach, the northern part of PPE that is most exposed to human installed structures in the 
adjacent Marentette Beach, underwent highest recession rates especially in the period 1973-1977 but 
also high accretion rates in the subsequent period 1977-1985. Western PPNP generally underwent 
accretion with maximum accretion in the central section of PPW; these rates were notably less than 
recession rates on PPE. Therefore, western migration of the shorelines is not equal, resulting in net 
loss of land to the lake in certain areas and reshaping of the Park as we know it today. The tip of 
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PPNP exhibited recession on both sides. If observed rates continue, the tip is bound for thinning on 
both sides, leading to eventual disappearance.  
Temporal analysis of shoreline changes and lake level changes showed that PPE shorelines did not 
have a significant correlation to lake level changes. Eastern shorelines of the Park generally 
experienced recession regardless of changes in lake level. We speculate that recession rates on PPE 
decrease during high lake levels as a result of higher recession rates up the littoral cell, though this 
relationship is not statistically significant. Western PPNP shorelines generally experienced recession 
during higher lake levels and accretion during low lake levels. Ice coverage during winter seasons 
was 144% greater on PPW compared to PPE, protecting the western side from winter storms, which 
may explain some of the observed differing patterns of shoreline changes of the two sides of the Park. 
Future climate change patterns are expected to result in lower lake levels and less winter ice-
coverage, both of which will likely result in a net loss to the Park’s land habitat.   
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Chapter 4 
Decomposition of the Space-Time Variability of Lake Erie Ice Cover 
Fields (2003-2007) 
4.1 Introduction 
Ice cover has an effect on almost every aspect of life on the Great Lakes and its shorelines. The 
amount of ice cover and how long it remains on the lakes during the winter season changes from year 
to year, and long-term changes may occur because of global climate change. Lake Erie develops an 
extensive ice cover most winters despite being the most southern lake (Assel et al., 2003). In 
comparison to the other Great Lakes, Lake Erie is the shallowest at an average depth of 19 metres. As 
a result extensive surface ice forms in the lake almost every winter (Environment Canada and U.S. 
Environmental Protection Agency, 1995). In this appendix, the ice cover data is analyzed to describe 
its variability during the five years 2002-2007, including the atypically mild winter of 2005/06. 
4.2 Data and Methods 
Grids of ice cover data were obtained from NOAA GLERL in ASCII format as matrices. Grids of ice 
coverage concentration were obtained for available dates between 1st of December through 1st of May 
for the winters of 2002/03 through 2006/2007. Because of irregularity in time series of data 
availability as some weeks had 3-4 day data, the data set was averaged on a weekly basis, creating 
weekly matrices of ice cover fields. The data matrix had three dimensions: x (longitude), y (latitude) 
and time (Figure 4-1).  
 
To use the EOF method using SVD technique as described below, the very few gaps in data were 
filled through linear interpolation from adjacent weeks.  
4.2.1 EOF Method 
The Empirical Orthogonal Functions (EOF) analysis characterizes the spatial and temporal patterns 
that dominate the variability of ice cover fields in Lake Erie. This technique decomposes the 
variability of the data set into a minimum number of orthogonal functions (uncorrelated in space or 
time) that are the most efficient descriptions of the observed variance (Halldor and Venegas, 1997; 
Preisendorfer and Mobley, 1988). EOFs are obtained through Singular Value Decomposition (SVD) 
following arithmetic temporal mean removal. Thus, the data matrix is factored into spatial modes and 
 
 70 
their time-varying amplitudes (Kelly, 1988). The total amplitude of an EOF at any time can be 
calculated by the product of temporal and spatial functions at that time. 
 
Figure 4-1 The dimensions of data matrix used in the EOF analysis. 
  
4.3 Results and Discussion 
4.3.1 Mean Ice Coverage Concentrations  
The average ice coverage varied spatially in Lake Erie during the study period (Figure 4-2). Two 
areas are of higher average ice cover concentration: the western basin and the NE end of the lake. The 
western basin is the shallowest basin in Lake Erie with an average depth of about 8 metres and a 
maximum depth of 19 metres, is shallower than the central and eastern basins. During winter the 
western basin has the highest average ice cover concentrations compared to the other two basins 
(Assel, 2004). The NE end of Lake Erie also exhibits high average of ice cover. The general direction 
of wind during winter is from SW to NE along the main axis of Lake Erie (Angel, 1996). BaMasoud 
& Byrne (2012) showed through the wind roses for winters 2003/04 and 2005/06 that during winter, 
SW-W winds constitute 30-35% of all winds. The SW-W winds have the highest speed compared to 
winds from other directions. As a result, some of the broken ice is pushed toward the NE end of Lake 
Erie, causing the heightened concentration of ice cover in that area. 
 
To study variability around mean, the temporal mean in each cell is removed before using EOFs to 
analyze the ice cover fields.  
t1 
t2 
tm 
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Figure 4-2: Mean ice coverage concentration (%) for the study period. 
 
4.3.2 EOFs ranked by contribution to total variance 
To evaluate which of the EOFs are more significant, the EOFs were ranked according to the 
contribution to explaining the variance of the data field. The first two EOFs together explain 88.1% of 
the field variance (Figure 4-3). The first EOF (EOF1, hereafter) explains 78.4% of total variance 
while the second EOF (EOF2, hereafter) explains 9.7% of the total variance.  
4.3.2.1 First EOF (EOF1)  
The time series of the EOF1 amplitude (Figure 4-4) depicts the winter cycle of freezing the surface of 
Lake Erie. The EOF1 highest amplitude (~1.75), associated with the highest concentrations of ice 
cover, occurs starting from January and ending approximately in the beginning of April, except for 
the winter 2005/06. The 2005/06 winter has exhibited a very low EOF1 amplitude, in comparison to 
the other four years, indicating the winter’s below-average ice cover conditions. Among the 
documented impacts of such conditions is the wide retreat of the west shore of Point Pelee 
(BaMasoud and Byrne, 2012). 
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Figure 4-3: EOFs ranked by their contribution to total variance.  
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Figure 4-4: Time series of the first EOF amplitude. Notice the dip during the winter of 2005/06. 
 
Figure 4-5: Spatial distribution of the EOF1 amplitude. 
 
The spatial patterns of the EOF1 are depicted in Figure 4-5. The spatial modes of EOF1 are all 
positive, indicating that the field fluctuates with the same sense across the basin, with the largest 
amplitudes found in the middle basin. The average ice cover field in the central basin ranges between 
approximately 20-30%, lower than that of the western and eastern basins. The EOF1 high amplitude 
explains most of the variance of the ice cover field in the central basin.   
4.3.2.2 Second EOF (EOF2) 
The time series of EOF2 amplitude generally exhibits negative values in the early months of the ice 
season and positive values in the late months of the ice cover season. The spatial distribution of the 
EOF2 amplitudes exhibits negative values for the Western Basin and west of the Central Basin and 
vice versa for the Eastern Basin and east of the Central Basin. The product of the temporal and spatial 
amplitudes for the Western Basin during the early months of the ice season is positive, indicating 
higher ice cover concentrations and vice versa for the Eastern Basin.  
 
The EOF2 exhibits the freezing stages of Lake Erie. In the early months of the freezing season, the 
Western Basin freezes first. Ice migrates eastward during the ice season toward the Eastern Basin. As 
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ice melts, it dissapears first in the Western Basin and last in the Eastern Basin (Assel, 2005). The 
MODIS image from February 6, 2009 exhibits the westward migration of ice (Figure 4-8). 
 
Figure 4-6: Time series of EOF2 amplitude.  
 
Figure 4-7: Spatial distribution of the EOF2 amplitude.  
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Notably, the time series of EOF2 amplitudes indicates the early freezing during the winter of 2005/06 
but the time series hovers around the zero line, consistent with weak freezing conditions.  
 
 
Figure 4-8: MODIS image from Feb 6, 2009 (NOAA Great Lakes Environmental Research Laboratory, 
http://www.glerl.noaa.gov/pubs/photogallery/Maps/pages/1612.html) 
 
4.4 Conclusions  
• The ice coverage fields in Lake Erie can be efficiently described by two main EOFs that are 
uncorrelated to each other. 
• The first EOF is associated with seasonal winter cooling implies that the typical ice season 
occurs starting from January and ending approximately in the beginning of April with its 
highest spatial amplitudes in the Central Basin of Lake Erie. The winter of 2005/06 exhibited 
very low amplitudes in comparison to the other years, indicating low ice cover conditions.  
• The second EOF is associated with time difference in ice formation in the western and eastern 
sides of the Lake. The amplitude time series indicates early freezing and melting in the west 
and late freezing and melting in the east of the lake.  
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Chapter 5 
The impact of low ice cover on shoreline recession: A case study 
from Western Point Pelee, Canada2 
5.1 Abstract  
The western shore of Point Pelee National Park (PPNP) in Ontario, Canada, exhibited high recession 
rates in the winter of 2005/2006. During the period 1959-2004, the western side of the park generally 
exhibited accretion, attributed to longer duration of ice coverage during winter and favorable 
topography and sedimentary conditions in comparison to the eastern side. Compared to the winter of 
2003/2004, changes in Lake Erie water levels, winter wind regime and human-made structures and 
interferences were negligible during 2004-2006 within the Colchester-to-Southeast Shoal littoral cell 
in western Lake Erie, where PPNP is located. However, the winter of 2005/2006 exhibited overall 
low ice cover conditions unlike the typical freeze-up conditions in western Lake Erie. The 2006 high 
recession rates on the western shore of Point Pelee are attributed to the low ice cover conditions in the 
winter of 2005/2006. While less-than-average ice cover does not in its own cause erosion, in certain 
areas it increases the opportunity for sediment removal by waves by removing a significant source of 
protection during winter. The episode illustrates the potential impacts of ice-free and low ice cover 
winters on the western shore of Point Pelee and shores under similar conditions. Future climate 
change patterns are expected to result in shorter ice-durations and more frequent ice-free winters in 
the western basin of Lake Erie, exposing western PPNP to wave action during the winter season and 
resulting in increased erosion. The increased opportunity for shore erosion will negatively impact 
ecologically and economically viable spaces in PPNP.  
5.2  Introduction  
Erosion occurs when shore sediments are lost at a rate faster than gained. Shorelines in many parts of 
the world have been retreating during the past several decades, including some shorelines that were 
previously prograding, (e.g. Deauville in France, Miami in Florida and Surfers Paradise in Australia; 
after Bird, 2008). At a given shore, only a few factors are responsible for the onset of erosion. In the 
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Great Lakes, various factors may contribute to shoreline erosion such as storm and wind climate 
resulting in wave attack and sediment removal, rising lake levels resulting in submergence of the 
beach area and enhanced wave reach, and anthropogenic factors such as human-made coastal 
structures resulting in interruption of sediment supplies in the littoral cell.  
 
During winter, ice cover may play a conflicting role in enhancing/inhibiting erosion. In periods with 
temperatures consistently below freezing, an ice foot forms along the beach as slush ice is driven 
against the shore by winds and waves (Hampton and Griggs, 2004), effectively blocking waves, 
freezing the beach area and preventing wave-driven loss of sediment. As ice melts and shifts, 
sediment entrained in the ice is transported alongshore and offshore, resulting in local net sediment 
loss. There is therefore variability in the net effect of ice on shoreline erosion. In some cases, ice 
enhances erosion and in other cases it inhibits erosion.  Barnes et al. (1994) found that nearshore ice 
plays a role in removing sediment from the southern Lake Michigan shore. Kempema et al. (2001) 
found that ice attached to the lake bed removes a significant amount of sediment from the nearshore 
zone of southwestern Lake Michigan. Other coastal studies on cold climate processes indicate that the 
net impact of thawing ice plays a role in removing sediment through sediment entrainment and 
transport offshore (e.g. Are et al., 2008; Bernatchez and Dubois, 2008). In Lake Erie along the Point 
Pelee shore, nearshore ice was found to protect the beach and where ice was absent, considerable 
erosion took place (after Coakley, 1977). Recently, Dale and Byrne (2010) found that during the 
subzero temperature periods of 2010 winter, water along the western beach of Point Pelee became 
frozen and was subsequently covered by snow, removing the possibility of any wave erosion during 
subzero temperature periods.  
 
Through analyzing shoreline change rates and relevant conditions of the western shores of Point Pelee 
National Park (PPNP), Ontario, this study aims to assess the impact of low ice cover conditions on 
shorelines where winter ice forms regularly and potentially protects the shores from erosion due to 
winter storms. This study also aims to describe the conditions under which the net impact of winter 
ice cover will protect the shoreline rather than entrain and remove sediment. The study aims to 
increase the understanding of shoreline processes in western PPNP to assist managers in protecting 
and preserving this unique area.  
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5.3 The Study Area 
Point Pelee National Park of Canada (PPNP hereafter), established in 1918, is the southernmost part 
of mainland Canada, extending 9.0 kilometres from north to south and up to 4.2 kilometres from east 
to west at its northern edge (Figure 5-1). The park, a cuspate foreland along the northern shoreline of 
Lake Erie, is subject to storm waves, storm surges, and seiches from all sides except its north. The 
PPNP is one of the most biodiverse national parks in Canada; about 70% of the park consists of 
marshes and the remainder is dryland forest, swamp forest, beach, and red cedar savanna (Trenhaile 
and Dumala, 1978; Smith and Bishop, 2002).  
 
 
Figure 5-1: Regional context of the study area with the littoral cell.  
 
The park has been the subject of several studies regarding its origin, evolution, shoreline changes	  
and	  related	  processes (BaMasoud and Byrne, 2011; Coakley, 1976; Coakley, 1977; Coakley, 1980; 
Coakley et al., 1998; LaValle and Lakhan, 2000; Trenhaile and Dumala, 1978; Trenhaile et al., 2000). 
Recently, Hatfield et al. (2010) made magnetic measurements on sand samples from the eastern beach 
of PPNP to examine both the composition and spatial distribution of magnetic minerals. By mapping 
magnetic susceptibility along the eastern beach of PPNP, as a proxy for erosion, they identified 2.4 
km (31%) of the beach where erosion was high. 
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Ecologically, PPNP is recognized as a Wetland of International Significance by the RAMSAR 
Convention of UNESCO (Ramsar, 2010). However, the park has more species at risk than any other 
national park in Canada (Dobbie et al., 2006). Tourism in PPNP contributes to the regional economy 
as tens of thousands of birdwatchers are attracted to the park to watch the more than 380 species of 
migrating birds that fly through this location at the intersection of two major North American 
migratory flyways (Parks Canada, 2010). The study area, western PPNP, is of special economic 
significance because the majority of attractions for visitors to PPNP, including beaches, marsh access, 
hiking and bicycling trails, camps, picnic areas and the southern tip are along the western shore of the 
park (Parks Canada, 2010). 
 
The study area, the western shore of PPNP (Figure 5-1), is part of Colchester-to-Southeast Shoal 
littoral cell within the western basin of Lake Erie (Trenhaile et al., 2000). The general direction of 
longshore sediment transport is from west (Colchester Harbour) to east, due to the dominant westerly 
winds and long fetch from west to east (Reinders, 1988; Trenhaile et al., 2000). The bluffs between 
Colchester and Leamington (Figure 5-1) consist of sand or sandy loam, providing a source for 
sediments transported eastwards. At the end of the littoral cell, the western shore of PPNP has 
historically been a depositional landform for most of the last 4,000 years (Trenhaile et al., 2000).  
The beach and offshore sediments consist mainly of aeolian and shoreface sand. Having undertaken 
an extensive drilling program along the western barrier bar of PPNP, Coakley et al. (1998) showed 
non-cohesive sediments extending more than 300 metres into the western basin of the lake (Figs. 9-11 
in Coakley et al., 1998). During high-energy storms and highwater levels, sand migrates to the 
nearshore zone and gets deposited back during calm wind and low lake level periods.  
 
The area contains several morphological features such as sand dunes, sand plains, sand ridges and 
swales (Figure 5-2). Dunes in the north consist of aeolian material on top of wave-deposited coarse 
sediments (Trenhaile et al., 2000). Small pebbles to coarse sand form ridges and swales to the south 
that are mainly wave-deposited, with fine aeolian interbedded sediments. The sand plains, a low-relief 
area, consist of fine, well-sorted aeolian sands, on top of coarser wave-deposited sands (Trenhaile et 
al., 2000).  
 
Lake Erie at an average depth of 19 metres is the shallowest of the Great Lakes. Extensive surface ice 
forms in the lake almost every winter (Environment Canada and U.S. Environmental Protection 
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Agency, 1995). As the shallowest of the Great Lakes, Lake Erie is the most susceptible to storm 
surges (Danard et al., 2003). The western basin of Lake Erie, with an average depth of about 8 metres 
and a maximum depth of 19 metres, is shallower than the central and eastern basins. Therefore, 
during winter the western basin has the highest average ice cover concentrations among the three	  
basins	  (Assel,	  2004).	  A detailed bathymetry at 1 metre contour intervals for all of Lake Erie was 
completed by Holcombe et al. (2005) and is available at 
http://www.ngdc.noaa.gov/mgg/greatlakes/erie.html. 
 
Within the study area, there are five small-craft harbours that act mainly as sediment sinks (Baird, 
2008): Colchester Harbour, Cedar Beach Harbour, Kingsville Harbour, Leamington Harbour and 
Sturgeon Creek Harbour (Figure 5-1). Sediment accumulation is evident on the western side of these 
harbours (Baird, 2008), confirming the dominant direction of transport in the littoral cell (e.g. 
Sturgeon Creek Harbour, Figure 5-3). Despite these numerous sediment sinks, the western shore of 
PPNP has accreted for most of the 1959-2004 period, unlike PPNP’s eastern shore which has been 
consistently eroding, resulting in a westward shift and net shrinkage of the park	  (Trenhaile	  et	  al.,	  
2000;	  BaMasoud	  and	  Byrne,	  2011).  
5.4 Data and Methods 
Orthorectified aerial photos of Point Pelee from 2004 and 2006 were obtained from Parks Canada. 
The two sets of aerial photos were taken in April 2004 and April 2006, both at a scale of 1:10,000. 
Aerial photo resolutions were 0.50 metres and 0.30 metres, respectively. Shorelines were manually 
traced and digitized using Esri ArcGIS 9.2®. These shorelines were detected using the wet/dry 
boundary mark method (Boak and Turner, 2005). Following BaMasoud and Byrne (2011), 314 
transects were created electronically every 30 metres along the western shoreline perpendicular to a 
baseline parallel to the 1985 shoreline. Consequently, the 314 transects were divided into four 
sections based on the similarity in exhibited shoreline changes. To estimate shoreline change rates, 
measurements of the distance between digitized shorelines in 2004 and 2006 were taken along 
transects. Shoreline change rates [measured in m/y] were estimated using the end-point rate (EPR) 
method (as described by Dolan et al., 1991). Positive rates correspond to accretion and negative rates 
correspond to recession. End-point rates are then compared to rates from the period 1959-2004, 
analyzed in BaMasoud and Byrne (2011). 
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Publicly available hourly wind data for winters 2003/04 and 2005/06 were obtained from Canada’s 
National Climate Data and Information Archive - Environment Canada, at 
www.climate.weatheroffice.gc.ca. Wind roses for the two seasons, November to May, were plotted 
and statistics of wind data were calculated for comparison purposes.  
 
Monthly-averaged Lake Erie water levels were obtained from the NOAA Great Lakes Environmental 
Research Laboratory (GLERL) website, http://www.glerl.noaa.gov, collected by the United States 
National Ocean Service (NOAA, 2010). Annual lake level averages were calculated for the period 
1959-2006. To contrast variability in average shoreline displacement and annual water level, both 
variables were standardized by removing temporal mean and dividing by standard deviation (similar 
to LaValle and Lakhan, 2000). Ninety-five percent of all dimensionless values should fall within 
±1.96 standard deviations of the mean. 
Data on human-made structures and human-induced changes in the region were obtained from the 
local conservation authority, Essex Region Conservation Authority (ERCA) through personal 
communication. Empowered through provincial legislation, ERCA manages the natural resources of 
the Essex Region in partnership with member municipalities and the Province of Ontario (ERCA, 
2011).  
Ice-cover concentration data for four winters (2003-2006) were obtained from the United States 
National Ice Center website, http://www.natice.noaa.gov. Ice-cover charts used in this study consisted 
of 185 daily maps that were averaged into weekly fields. The digitized ice-cover charts for the Great 
Lakes are described by Assel (2003). Assel (2004) analyzed Lake Erie’s ice cover for the period 
1898-2002 using modeled data for winters 1898-1972 and observed data for winters 1973-2002. His 
analysis showed that the lake ice season for the western basin of Lake Erie usually starts in December 
and ends by April. Based on this definition of lake ice season, weekly-average ice cover 
concentrations were analyzed for four winters covering the period December 1st to April 30th of the 
years 2002 to 2006. There was no observed ice in May of any of these four winters. 
Assel (2005) defined the seasonal average ice cover as the sum of the daily lake-averaged ice cover 
over a winter divided by 182 (the number of days between December 1st and May 31st). Analyzing ice 
cycles over a 30-winter base period (1973 to 2002) in the Great Lakes, he ranked ice cover cycles of 
Lake Erie into mild, typical and severe. These classifications are used in this study to describe the 
2005/06 winter in Lake Erie. Median ice cover concentrations in the western basin of Lake Erie were 
averaged for the 2005/06 winter and compared to those of 2002/03, 2003/04 and 2004/05 winters.  
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Figure 5-2: End-point rates for western Point Pelee shores during 2004-2006.  
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Figure 5-3: Leamington Harbour, northwest of study area is typical in terms of pattern of sediment 
accumulation on its western side and of its size in comparison to the other four harbours in the littoral 
cell. 
5.5 Results and Discussion 
Shoreline change rates in western Point Pelee are described for the period 2004-2006 in comparison 
to the 45-year averages from the period 1959-2004, which were previously analyzed by BaMasoud 
and Byrne (2011). The description is followed by a discussion of changes in factors that act on the 
shoreline of western PPNP shore in an attempt to explain the rates of recession during 2006 in 
relation to these changes. Comparison is made to conditions in the immediately preceding period 
(2000-2004) to contrast the conditions and changes of ice cover, Lake Erie water levels, wind regime 
and human interference in the two periods. Because storm-generated waves erode sections of the 
coastline or lakeshore in an immediate fashion, wind data are analyzed for two winters 2003/04 and 
2005/06, for which post-winter aerial photo data are available. Annual averages of Lake Erie water 
level changes analyzed for 1959-2006 account for responses to interannual changes in lake levels. 
While engineered structures may impede sediment transport over the long term, the western PPNP 
shore exhibited negligible changes during the period of 2000-2004 and accreted during most of the 
period 1959-2000 (BaMasoud and Byrne, 2011). Therefore, investigation of human interference 
covers the period post-2004. Ice data are analyzed for the winter of 2005/06 in comparison to three 
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preceding winters. References are made to ice data analyzed previously by Assel (2004 and 2005) and 
Assel et al. (2003) covering the period 1898-2002.  
5.5.1 Shoreline Change Rates in Western Point Pelee 
Shoreline changes in the period 2004-2006 in western PPNP are different from those observed in the 
period 1959-2004. End-point rates for the period 2004-2006 show that the western PPNP shore 
exhibited recession (-0.97 m/y) along most of PPNP’s shores (Figure 5-2). In comparison, the western 
PPNP shore exhibited +0.21 m/y accretion over the 45-year period of 1959-2004 (Table 5.1). The 
only period during which the western PPNP shore exhibited documented recession in the 45-year 
period was 1977-1985, with an average rate of -0.87 m˖y-1 (BaMasoud and Byrne, 2011). The 1977-
1985 period coincided with high Lake Erie water levels, reaching levels unprecedented since 1959, 
which explained the high recession rate during this period.  
 
Similar to the 1959-2004 period, shoreline change rates differed from one section of the study area to 
another during the 2004-2006 period. The northernmost section, W-a in Figure 5-2: End-point rates 
for western Point Pelee shores during 2004-2006., exhibited a net recession rate of -0.74 m˖y-1. 
Section W-b exhibited a net recession rate of -0.96 m/y. Section W-c exhibited a net accretion rate of 
+0.24 m˖y-1. The most southernmost section (W-d), including the western side of the Point Pelee tip, 
exhibited the highest recession rate of -2.10 m˖y-1, with the tip area receding at an average of -5.50 
m˖y-1. Changes from one section to another are attributed to short-term changes in littoral sediment 
transport. For comparison purposes, rates from the period 1959-2004 for these sections are provided 
in Table 5.1.  
5.5.2 Physical Processes and Impacts on Shoreline Change Rates 
The following sections present a discussion of observed changes in ice cover, wind regime, Lake Erie 
water levels and human-induced changes during the winter of 2006.  
5.5.2.1 Lake Erie Wind-Regime Changes 
Meteorological forcing in Lake Erie is responsible for wave action, storm surge and wave-generated 
currents. Mid-latitude cyclones, spanning from 1000 to 3000 km in diameter over the Great Lakes, 
generally move from west to east and provide the day-to-day variability in regional weather (Angel, 
1996). The preferred path of cyclonic systems entering the PPNP area depends on the position of the 
polar front and the “upper westerlies,” both of which move to the south during winter (after Coakley, 
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1977). The orientation of Lake Erie is along the preferred path of prevailing cyclones, particularly 
impacting the eastern and western shorelines (after Angel, 1996). Therefore, the western shore of 
PPNP is directly exposed to waves resulting from the prevailing southwesterly and westerly (SW-W) 
winds during the winter season. Generally, these winds result in a southward sediment transport 
between Sturgeon Creek and the tip of PPNP (Coakley, 1977; see Fig. 1). Richards and Phillips 
(1970) analyzed overland winds near Lake Erie and synthesized wind characteristics over the lake for 
the years 1957 to 1966. Their analysis showed that during those ten years, SW to W winds on average 
represented 39.4% of all winds.  
Table 5.1 Comparison of average shoreline change rates in Western PPNP shores by sections (refer to 
Figure 5-2 for locations). Average End-point rates (EPR) for 45 years are provided for comparison. 
Sections W-d1 and W-d2 constitute section W-d. Average EPR for Section W-c during 2004-2006 was 
within resolution of the 2004 aerial photo. 
Section on Western PPNP Average EPRs  
1959-2004 
(BaMasoud and 
Byrne, 2011) 
Average EPRs  
2004-2006 
W-a (transects 1-89) +0.20 -0.74 
W-b (transects 90-182) +0.40 -0.96 
W-c (transects 183-237) +0.23 +0.24* 
W-d (transects 238-314) -0.01 -2.10 
      W-d1 (transects 238-305)           -0.03      -1.65 
      W-d2*(transects 306-314, the Tip)           +0.14      -5.50 
Average across Western PPNP +0.21  -0.97 
 
Intense storms in the Great Lakes occur from late fall throughout winter. Angel (1996) studied 100 
storms with winds greater than 24.4 m•s-1  in the Great Lakes basin over the period 1957 to 1985, and 
found that 92 of these storms were cyclones. This high frequency of cyclone occurrence among 
storms underscores the impact of SW-W winds and resulting waves on the western shore of PPNP. 
Angel (1996) found that 76 of the 92 cyclones occurred between November and March. This study 
compares wind data for November to May for the 2003/2004 and 2005/2006 seasons, with a focus on 
SW to W winds (Figure 5-4 and Figure 5-5) to explore if the 2005/2006 season exhibited higher than 
usual wind speeds or more frequent storms.  
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Figure 5-4: Wind rose for Winter 2003/04, derived from hourly wind data available from Canada’s 
National Climate Data and Information Archive. 
 
Figure 5-5: Wind rose for winter 2005/06, derived from hourly wind data available from Canada’s 
National Climate Data and Information Archive. 
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Statistics for these two seasons are summarized in Table 5.2 and their windroses are shown in Figure 
5-4 and Figure 5-5. Southwestery to westerly winds were more frequent in 2005/06. In 2005/06 SW 
to W winds accounted for 35.1% of all winds, while in 2003/04, 30.5% came from that quadrant. 
However, the statistics show that in 2003/04 the high-speed SW and W winds (> 8 m•s-1 and >10 m•s-
1), which are more likely to cause higher energy waves, all things being equal, were stronger and 
more frequent (Table 5.2). Events of SW to W winds that are of high speed (>8 and >10 m•s-1) were 
more frequent, with 262 in 2003/04 compared to 226 in 2005/06. Low ice cover in the western basin 
during the 2006 winter may have enhanced wind speed. According to Angel (1996), winter cyclones 
intensify under strong temperature contrasts between cold air and the ice-free water surface. Despite 
this potential intensification, the weighted average speed of winds from SW-W was higher in 2003/04 
than in 2005/06, negating some of the impact resulting from more frequent SW-W winds in 2005/06. 
The weighted average speed of SW to W winds was 5.51 m•s-1in 2003/04 compared to 5.15 m•s-1 in 
2005/06. In both seasons, SW to W winds were less frequent than those derived by Richards and 
Phillips (1970). Despite being subjected to SW to W winds with higher weighted average speed than 
in 2005/2006, the western PPNP shore in 2004 exhibited negligible change (BaMasoud and Byrne, 
2011).  
Table 5.2: Statistics of wind data for winter 2003/04 and 2005/06. 
Year (Nov to May) 2003/04 2005/06 
Total number of hourly measurements 4,368 4,344 
Data recovery 98.86% 99.13% 
Percentage of winds from SW-W  30.50%  35.09%  
Weighted average speed of winds from SW-W  5.51 m•s-1 5.15 m•s-1 
Events of SW-W winds > 8 m•s-1 213 179 
Events of SW-W winds > 10 m•s-1 49 47 
 
5.5.2.2 Lake Erie Water Level Changes  
Changes in Lake Erie water levels are among the principal variables that influence shoreline changes 
in Point Pelee (Coakley, 1976; Trenhaile and Dumala, 1978; LaValle and Lakhan, 2000).	  Generally, 
the shoreline change rate of western PPNP exhibits inverse correlation to lake level (BaMasoud and 
Byrne, 2011). In periods of rising lake levels (e.g. 1977 to 1985 and 2000 to 2004), the western PPNP 
shoreline receded, and vice versa during periods of declining lake levels (e.g. 1985-2000, Figure 5-6). 
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In April 1985, Lake Erie water levels reached a high of 174.98 metres above chart datum, referenced 
to International Great Lakes Datum 1985 (IGLD 1985). As a result, the western PPNP shore 
experienced recession in all sections that year. In comparison, western PPNP shore experienced 
higher recession rates in 2006 than in any of the aforementioned periods of rising lake levels despite 
the minor increase of 0.03 metres in the annual average lake level in 2006 relative to 2004 (Figure 
5-7). A linear regression model based on standardized historical lake levels and observed shoreline 
changes from 1959 to 2004, estimates that the lake level would have to increase by 0.31 metres to a 
mean of 174.46 metres to cause the observed recession of 2006. The model also estimates that based 
on the observed increase in lake level in 2006, the annual average recession rate would have been 
0.02 m˖y-1, a very small rate that is within error estimates.  
 
In summary, despite the strong relationship between rising lake level and shoreline recession 
observed in previous studies (Trenhaile et al., 2000; BaMasoud and Byrne, 2011), a 0.03 metre 
increase in lake level is too small to account for the change on its own. 
 
Figure 5-6: Relationship between standardized values for mean shoreline displacement and annual Lake 
Erie water levels. 
5.5.2.3 Human-Induced Changes  
Human-made structures intended for shoreline protection can cause immediate interruption of 
sediment supply at the downdrift end of the littoral cell. For example, shoreline protection structures 
were installed in 1973 north of the eastern side of PPNP. The installations resulted in obstruction of 
 
 89 
sediment flow toward PPNP’s eastern shores and caused up to 200 metres of recession within the 
following four years along the northern shores of PPNP’s eastern side	  (Coakley, 1977; LaValle and 
Lakhan, 1997; BaMasoud	  and	  Byrne,	  2011). In the Colchester-to-Southeast Shoal littoral cell, there 
were no significant new human-made structures that may have significantly disrupted sediment 
movement in the littoral cell. Until 2005, Kingsville Harbour was not a regulated harbour. In 2005 the 
local conservation authority, ERCA, required that sand dredged from Kingsville Harbour be 
deposited on the downdrift side to minimize the effects of littoral cell interruption. The effect of such 
regulation would likely be an increase in the supply of sediments downdrift. However, there are at 
least two sink areas downdrift in the littoral cell resulting from the existence of two small harbours to 
the east of Kingsville Harbour, reducing the impact of the increased supply of sediments. According 
to ERCA, no other new structures or interferences occurred during the period 2004-2006 (Tim Byrne, 
Personal Communication, 2010).   
 
 
Figure 5-7: Lake Erie water levels 1959-2008. Elevation in metres above chart datum, referenced to 
IGLD 1985. 
 
Since there were no significant changes in the status quo of human structures and no new 
interferences within the littoral cell that reduce sediment supply to the western shore, the 2006 
recession is probably not attributable to human-induced changes within the Colchester-to-Southeast 
Shoal littoral cell. 
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5.5.2.4 Lake Erie Ice Cover 
The severity of lake ice season can be described by the seasonal average ice cover. The annual 
maximum ice concentration (AMIC) is the greatest percentage of lake surface area covered by ice 
each winter. Based on Assel’s (2005) classifications, the ice cycle in Lake Erie during winter 2005/06 
was mild at 4.8% ice cover seasonal average, the fourth lowest of the previous 34 winters (1973-
2006), with most ice concentrated in the western basin (Figure 5-8, Figure 5-9).  Although the 2006 
was not a typical winter in terms of ice cover, the low ice cover was not unprecedented. The annual 
maximum ice concentration (AMIC) is the greatest percentage of lake surface area covered by ice 
each winter. The AMIC for Lake Erie in winters 1983, 1991 and 1998, were well below the 94% 
median AMIC for 1963-2001 in Lake Erie indicating relatively low ice coverage during these three 
winters (Assel et al., 2003). The unavailability of aerial photos for the years 1983, 1991 and 1998 
ruled out the possibility of isolating the impacts of the ice cover conditions on shoreline changes in 
these three years. 
 
   
Figure 5-8: Average ice cover concentration for winters of 2002/03, 2003/04 and 2004/05, obtained from 
the United States National Ice Center. 
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Figure 5-9: Average ice cover concentrations in winter 2005/06, obtained from the United States National 
Ice Center. 
 
During mild winters, Lake Erie’s western basin typically would have higher ice coverage than the 
central or eastern basins because of its relative shallowness. Median ice cover concentrations in the 
western basin of Lake Erie were averaged for the winters 2002/03, 2003/04 and 2004/05 along with 
median ice cover concentrations of 2005/06 winter (Figure 5-10). In the three winters 1983, 1991 and 
1998, lake surface freezing started around mid-December and remained frozen through March, 
consistent with ice cover patterns for the years 1973 to 2002 (Fig. 7a in Assel, 2004). In comparison, 
during the winter of 2005/06, the western basin exhibited a brief period of extensive ice cover in late 
December. During most of January, and all of February and March 2006, the western basin was either 
ice-free or had little ice coverage (0-30%) (Figure 5-10). 
 
Unlike the three winters preceding it, the winter of 2005/06 exhibited relatively low ice cover so 
western PPNP shore was exposed to storm-generated waves most of winter. These anomalous ice 
conditions may explain the high rates of erosion during the 2005/06 winter. As a result of the 
difference in ice cover regime during the two years, the western PPNP shores experienced different 
amounts of net storm energy over the two years during ice-free periods. Over 90% ice cover 
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concentrations during January and February 2004 meant that wind-generated waves were virtually 
blocked during the storm season. As described above, during most of the season, ice cover during 
winter 2006 was non-existent and waves had direct access to shores during all of the winter season, 
exacerbating erosion along the western PPNP shore. 
 
Figure 5-10: Median ice cover concentrations (%) in winter 2005/06 versus winters 2002/03, 2003/04 and 
2004/05 in the western basin of Lake Erie. 
 
Due to the shallowness of the western basin of Lake Erie, ice conditions are more sensitive to changes 
in atmospheric forcing and air temperature, resulting in quick freezing in the beginning of winter and 
quick melting at its end (Assel, 2005), and thus minimizing the impact of sediment removal by ice 
blocks that drift into deeper water. Further, the shallowness of the basin ensures that sediment-laden 
ice does not drift too far from the shoreface before melting and depositing the sediments in areas 
where sediments can be brought back to the beach during the summer fair weather period.  
Ice-free conditions in Lake Erie winters are similar to those predicted under global greenhouse 
warming scenarios (Assel, 1991). Under the global greenhouse warming scenario modeled by the 
Canadian Centre for Climate Modeling and Analysis (CGCM1), severe reductions in ice cover will 
result from temperature increases and the frequency of ice-free winters is projected to increase such 
that 74% of winters in the western basin of Lake Erie will be ice-free by 2090 compared to an average 
of 2% for the period 1951-1995 (Lofgren et al., 2002). The model also projects a decrease in average 
ice duration from 91 days for the period 1951-1995 to 27 days by 2090 under warming conditions. 
Similar trends have been observed in the Arctic Sea ice extents for the period 1979-2006. Cavalierie 
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and Parkinson (2008) analyzed 28 years of Arctic sea ice extents and areas derived from satellite 
passive-microwave radiometers and found a decreasing trend in ice extents for the Northern 
Hemisphere overall. In the Great Lakes region, results of an analysis of recent (1951–2000) trends in 
freeze-up and break-up dates showed trends toward later freeze-up and earlier break-up dates, leading 
to shorter ice duration (Duguay et al., 2006). These trends will probably result in net recession for the 
western PPNP shorelines, reversing the accretion trend observed during the period 1959-2004, 
especially given the existence of five harbours that reduced the amount of sediments available for 
deposition on the western PPNP shores. While less-than-average ice cover does not in its own cause 
erosion, in certain areas it increases the opportunity for sediment removal by waves by removing a 
significant source of protection during winter.  As of April 2008, the shores have not recovered of this 
erosion episode.  
 
As suggested from western PPNP physical conditions discussed above, a shore that exhibits the 
conditions below would probably experience erosion inhibition as a net impact of winter ice-
coverage.   
• The shore is shielded from waves for extended periods during winter by shore ice coverage. 
In western PPNP (December through April, 1973-2002), shores were on average protected 
for 62 days each winter with lake ice that was at least 90% concentration of lake surface area 
(Assel et al., 2003; BaMasoud and Byrne, 2011). 
• The shore experiences winters accompanied by highest storm intensity and frequency 
compared to the other seasons. In western PPNP, most of the storms occur starting from late 
fall and continue throughout winter. During other seasons, opportunities for sediment 
deposition at the shore occur as lower energy waves bring sediments forward to the shore.  
• The shore is directly facing winter storm and high speed winds. The western PPNP shore is 
directly exposed to waves resulting from its orientation that faces the prevailing SW-W winds 
during the winter season. These winds result in direct wave attack and southward sediment 
transport that removes sediments southward, unless blocked by winter ice.  
• The shore consists mainly of unconsolidated sediments that can migrate offshore and onshore 
during active and calm wave conditions. Fine sediments such as clay and silt are lost 
permanently from a littoral cell once entrained by waves (e.g. eastern PPNP shore), while 
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sand gets deposited nearshore during summer and low lake levels as on the western PPNP 
shore. 
5.6 Conclusions  
The 2006 recession episode illustrates the impacts of a winter with low ice cover on the western 
shores of Point Pelee. The western PPNP shore is historically an accreting shoreline for most of the 
last 4,000 years. However, during the winter of 2006, most of the western PPNP shoreline exhibited 
heightened recession rates (an average of -0.97 m/yr), not observed since 1959. The minimal ice 
cover during the 2006 winter exposed PPNP’s shores to wave action throughout winter, probably 
resulting in the observed shoreline retreat. In comparison, the 2004 winter was typical with freezing 
conditions across the western basin of Lake Erie throughout winter, leading to consistent ice cover 
blocking most of SW-W wind-generated waves. Barnes et al. (1994) have shown that ice rafting of 
sand during spring break-up can deliver significant amounts of sediment far offshore and hence 
contribute to shoreline erosion.  However, this effect should be relatively minor in cases like Point 
Pelee where ice both forms and melts rapidly and ice rafting tends to deliver sediment to the 
nearshore zone. 
 
During the 2004 to 2006 period, there were no significant changes in the wind regime, Lake Erie 
water levels or human-made structures or interferences. The frequency and speed of SW-W winds 
were comparable in the two winters of 2003/04 and 2005/06. Annual average of lake water level 
changed by only 0.03 m, too little to trigger the 2006 recession event. No new human-made structures 
were installed in the period 2004-2006.   
 
Recent observations of Great Lakes ice duration and climate change projections indicate a trend of 
shorter ice durations and more frequent ice-free winters in Lake Erie. If these trends continue, the 
western shores of Point Pelee and areas under similar conditions in the Great Lakes will be exposed to 
winter storm wave action throughout the season. Under such conditions, the previously accreting 
western PPNP shore will probably continue to recede following the 2006 recession event, resulting in 
wide areas of the park’s ecologically and economically viable spaces being lost to the lake as a result 
of enhanced erosion. The implications for the impact of low ice cover on coasts with similar 
conditions are increased opportunities for shoreline erosion.   
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Chapter 6 
The Predictive accuracy of shoreline change rate methods in Point 
Pelee, Canada3 
6.1 Abstract 
Shoreline retreat has significant consequences for Point Pelee National Park’s (PPNP) ecological and 
economic systems. Using airphoto-based data, three methods for shoreline position prediction are 
evaluated for predicting observed shoreline positions: end point rate (EPR), linear regression (LR) 
and Lake Level Predictor (LLP).  
 
The triangular cuspate foreland park has two sides facing the lake from east and west. On both sides, 
short-term predictions were more accurate than the longer-term. For eastern and western PPNP, the 
LR and EPR methods performed best, respectively. The LLP method performed better for the western 
side, underscoring the relationship between water level and shoreline position. For all methods, the 
highest errors in prediction were for the northeast PPNP, an area influenced by artificial structures 
adjacent to the park.  
 
This study proposes site-specific method testing before predicting shoreline positions to quantify the 
errors associated with each method. The LR method performs best whenever there is a strong long-
term trend for shoreline position changes. The performance of the EPR method depends largely on 
the selection of the two points used in its calculations. Human alterations of the sediment budget 
likely lead to high uncertainty in shoreline positions predictions for affected shores.  
6.2 Introduction 
Predicting future shoreline position is imperative to human habitation of the coastal and shore zone, 
especially for calculation of construction setbacks, sustainable hazard zones, regional sediment 
budgets and erosion-accretion studies (Genz et al., 2009). To predict future shoreline positions, a 
constant rate of shoreline change is extrapolated into the future. Historically, a variety of methods 
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have been used to estimate the rate of shoreline change. Dolan et al. (1991) reviewed several 
commonly used methods for measuring shoreline rate-of-change such as End Point Rate (EPR), 
Linear Regression (LR), jackknifing (JK) and average of rates (AOR). Water level changes can also 
be used to model shoreline rate-of-change and project future shoreline positions by establishing a 
linear relationship between shoreline positions and water level changes (Leatherman, 1984). There is 
no consensus as to the most appropriate shoreline change rate method (Genz et al., 2007). Dolan et al. 
(1991) suggested that in a given area, the selection of the most appropriate method to use should be 
based on the purpose of the investigation and an understanding of the temporal variability of the 
system in question.  
 
For conservation authorities to design plans to protect natural shores and determine the best response 
to ongoing coastal erosion, it is necessary to identify a methodology that best describes the shoreline 
rate of change and thus is best able to predict future shoreline positions. In this study, the predictive 
accuracy of three methods in projecting future shoreline positions is estimated and compared for the 
second smallest national park in Canada, Point Pelee National Park (PPNP). The study aims to 
identify the best performing method for the park’s shores and to investigate any need for locally-
based shoreline analysis in a fairly small area such as Point Pelee. Conditions under which a certain 
method performs better than other methods are discussed and outlined. The study assesses the effect 
of the length of the prediction interval on the predictive accuracy of these methods. 
6.3 Study Area 
Point Pelee National Park is a freshwater cuspate foreland that extends up to 9 km from north to south 
and up to 4.2 kilometres from east to west with an area of about 15 square kilometres (Parks Canada, 
1997). The park is subject to storm waves, storm surges, and seiches from all sides except its north 
(Figure 6-1). Point Pelee is one of the most biodiverse national parks in Canada (Parks Canada, 2010; 
Smith and Bishop, 2002; Trenhaile and Dumala, 1978). About 70% of the park consists of marshes 
and the remainder is dryland forest, swamp forest, beach, and red cedar savanna (Figure 6-2). 
Ecologically, the park is recognized as a Wetland of International Significance by the Ramsar 
Convention on Wetlands (Ramsar, 2010). Point Pelee has more species at risk than any other national 
park in Canada (Dobbie et al., 2006). The park contributes to the regional economy through tourism 
by tens of thousands of visitors to the park (Parks Canada, 2010). 
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The western side of Point Pelee is part of the Colchester-to-Southeast Shoal littoral cell within the 
western basin of Lake Erie (Figure 6-1). The general direction of longshore sediment transport is 
from west to east, due to the dominant westerly winds (Reinders, 1988). The bluffs between 
Colchester and Leamington consist of sand or sandy loam, providing a source for sediments 
transported eastward. At the end of the littoral cell, western PPNP has historically been a depositional 
landform for most of the last 4,000 years (Trenhaile et al., 2000).  
Figure 6-1: Regional context of the study area. The two relevant littoral cells are indicated by the solid 
line arrows along the shore from points west (Colchester Harbour) and east (Port Crew) to Southeast 
Shoal (Reinders, 1988; Trenhaile et al., 2000). The Southeast Shoal is identified by an oval shaped 
crosshatched area off the southern tip of Point Pelee.  
 
The eastern side is part of Port Crewe-to-Southeast Shoal littoral cell (Reinders, 1988). A thin barrier 
beach, composed of fine- to coarse-grained sand, separates the park’s marshes and ponds on the 
eastern side from Lake Erie (Figure 6-2). The barrier beach is dependent on seasonal storms and 
sediment supply through bluff erosion to the east and littoral sediment transport (Trenhaile et al., 
2000). Hatfield et al. (2010) took magnetic measurements on sand samples from the eastern beach of 
PPNP. By mapping magnetic susceptibility as a proxy for erosion along the eastern side of the park, 
they identified 2.4 kilometres (31%) of the beach where erosion was high. Consistent with previous 
studies of the area (e.g. Coakley, 1977, 1980; LaValle, 1985-1995; LaValle and Lakhan, 1997), 
through analyzing ortho-airphotos, BaMasoud & Byrne (2011) found that the eastern side of the park 
exhibited recession during most of the study period, especially in Northeast Beach, where it averaged 
-3.14 m˖y-1. 
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Several morphological features exist in PPNP such as sand dunes, sand plains, sand ridges and swales 
(Figure 6-2). Dunes in the north consist of aeolian material topping coarse wave-deposited sediments. 
Ridges and swales to the south are formed of small pebbles to coarse, mainly wave-deposited sand, 
with fine aeolian interbedded sediments. The sand plains are a low-relief area that consists of fine, 
well-sorted aeolian sands, on top of coarser wave-deposited sands (Trenhaile et al., 2000). 
Figure 6-2: Reference map of Point Pelee National Park 
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6.4 Data and Methods 
Digital orthorectified airphoto sets from years 1931, 1959, 1973, 1977, 1985, 1990, 2000, 2004, 2006 
and 2008 were obtained from Point Pelee National Park, Parks Canada and Essex Region 
Conservation Authority (ERCA). The airphoto sets were taken mostly in April, in early spring, before 
the storm season under clear conditions. The airphotos were rectified to the 2004 digital airphoto, 
which was orthorectified to a digital elevation model (DEM) of the region. The root mean square 
error of the orthorectfication process was generally kept under 1.0 metre (T. Dufour, personal 
communication). The 1973 series was used to trace the shorelines of eastern PPNP, but was 
unsuitable for the western shorelines because of poor air-photo quality. The 1931 and 1977 digital 
airphoto sets were further rectified using PCI Geomatica with georeferenced control points from the 
digital 2004 orthorectified airphoto. Control points were selected on the basis of fixed structures such 
as parking lots, human-installed structures, and buildings. Scales and resolutions of the airphotos are 
provided in Table 2.1. When using airphotos for shoreline change studies, one has to be aware of the 
shortcomings of this process. Each airphoto is a reflection of beach morphodynamics at the time, or 
shortly before, the photo was taken, and may therefore be quite atypical of average conditions at that 
time. The airphoto sets were taken in clear weather during springtime to minimize variance among 
the airphoto sets. However, conditions may still vary within and between different springs and this 
would be reflected in the position of the shoreline at those times. Despite these shortcomings, 
airphoto sets remain one of the most cost-effective ways to depict shoreline positions over time.  
Shorelines were traced and digitized on a computer screen using Esri ArcGIS®. These shorelines 
were detected using the wet/dry boundary mark method (Boak and Turner, 2005). Similar to 
BaMasoud & Byrne (2011), 281 and 314 transects were created every 30 metres perpendicular to the 
eastern and western sides, respectively.  
 
Monthly-averaged Lake Erie water levels were obtained from the NOAA Great Lakes Environmental 
Research Laboratory (GLERL) website (http://www.glerl.noaa.gov/), collected by the United States 
National Ocean Service (NOAA, 2010). Annual lake level averages were calculated for the period 
1931-2008 and are shown in Figure 6-3. 
 
Measurements of the distance between respective digitized shorelines were taken along transects, 
normal to the baseline. Shoreline displacements are described by the distance calculated along 
transects between the two shorelines in reference. A positive value of shoreline displacement 
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indicates a shoreline advance in relation to the older shoreline and vice versa. Shoreline change rates 
were estimated using the end-point rate (EPR) and Linear Regression (LR) methods as described by 
Dolan et al., (1991). In summary, the EPR is obtained by dividing the net shoreline displacement 
between the earliest and latest shorelines by the years between the two shorelines. The advantages of 
the EPR method are simplicity of computation and its widespread use (Dolan et al., 1991). Because 
the method involves only two data points, significant prediction errors may occur if one or both 
points were outliers (e.g. taken after storm) or spurious data points. The LR shoreline rates are 
obtained using the Least Squares method. The slope of the best-fit line through the entire sample of 
shoreline positions is the LR shoreline rate. The LR method is generally accepted as a sound method 
for shoreline position prediction (Douglas and Crowell, 2000). Using sea level data as a surrogate for 
shoreline change, Crowell et al. (1997) evaluated several shoreline position prediction algorithms. 
They found that in the absence of physical changes such as opening of inlets or shore engineering, 
linear regression over the longest possible period provided the best predictions of future shoreline 
positions.  
 
The third method, Lake Level Predictor (LLP), is a linear model that uses the annual average of lake 
levels as the predictor of shoreline position as in the equation: 
𝑦! =  𝛼  ×  𝐿!   +   𝛽    (1) 
Where 𝑦 is the projected shoreline position and Lt is the annual average of lake level in the year t. α is 
the slope of the linear equation and β is a constant representing the intercept with the vertical axis. 
Lake level data were annualized to exclude seasonal variability, which is high and changing from one 
year to another for April, when most of the airphotos were taken. The method assumes a causal 
relationship between lake level and shoreline changes. In this method, the shore is assumed to be 
dynamically affected by lake level; i.e. it advances and retreats based on lake level fall and rise, 
respectively. Autocorrelation of annual averages of lake levels is plotted in Figure 6-4. The figure 
shows that the variable is not correlated over lag periods beyond 7 years, indicating that the variable 
is independent over lag periods beyond that period. Of the annual average lake level data points used 
in the LLP prediction method, five out of six intervals for western PPNP and five out of seven 
intervals are at least 7 years apart, which will likely be a source of error in the method. Because LLP 
method uses one variable to predict shoreline position, its accuracy depends on the response 
relationship between shoreline displacement and lake level.  
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Predictive accuracy of each of the three methods was assessed and compared in terms of their ability 
to predict known shoreline positions, following Honeycutt et al. (2001). The number of years between 
the first and last shorelines used to calculate the shoreline change rate is referred to as the temporal 
span (TS) of the data. Two timespans are used in this study; TS1 (1931-1990) and TS2 (1931-2000). 
Shoreline change rates are obtained using available shoreline positions from TS1 and TS2 (Table 6.2). 
Once the rates for each TS were calculated, they were used to predict known shoreline positions of 
2008 using EPR, LR and LLP methods and compared with actual positions of 2008. The difference 
between the date of the last shoreline used in the rate calculation and the predicted year is the 
prediction interval (PI). Two PI’s were used, 1990-2008 and 2000-2008. The shoreline change rate is 
multiplied by the PI and added to the position on the date of the last shoreline used in the rate 
calculation. The result is a prediction of the shoreline position in the predicted year. The prediction of 
the shoreline position is subtracted from the actual shoreline position, observed in 2008. The 
difference is called the Error in Prediction (EIP), and is calculated for each transect. The absolute EIP, 
|EIP|, is used to estimate the magnitude of error for each method at each transect without considering 
the error direction. While the shoreline of 2008 is not guaranteed to be representative of the mean 
position of the shore at that time, the prediction intervals were chosen to be at least 8 years (8 and 18 
years for PI1 and PI2, respectively) to smooth out the short-term and seasonal variability.  
 
Two statistical parameters are used to describe the predictive accuracy of a shoreline change rate 
method, mean absolute error (MAE) and root mean squared error (RMSE). The MAE, the arithmetic 
mean of |EIP|, measures the average magnitude of |EIP|. The RMSE measures the average magnitude 
of the error using the following formula: 
RMSE	  =	   !
!
𝑦!!  𝑦! !!!!!                      (2) 
Where 𝑦and 𝑦 are the projected and actual shoreline positions, respectively, at transect i for a total 
number of n transects. Since the errors are squared before they are averaged, the RMSE method gives 
higher weight to large errors and hence is typically larger than MAE. 
 
In comparing the mean |EIP| for the three methods, an Analysis of Variance (ANOVA) test was 
performed at a 95% confidence interval to test whether or not the three mean |EIP| are significantly 
different. 
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Figure 6-3: Annual average lake levels in metres referenced to the International Great Lake Datum 
(IGLD) for the years 1931-2008. Years with airphoto data used in the study are marked by black dots. 
 
Table 6.1 Metadata of airphotos used in the study. 
Year Scale  Resolution (m) Date Flown 
1931 1 : 10,500 0.25 April 1931 
1959 1 : 4,000  0.25 April 1959 
1973 1 : 10,000  0.50 January 1973 
1977 1 : 4,000  0.15 January 1977 
1985 1 : 30,000  1.00 Summer 1985 
1990 1 : 9,000  1.00 April 1990 
2000 1 : 6,250  0.10 April 2000 
2004 1 : 10,000  0.50 April 2004 
2006 1 : 10,000 0.30 April 2006 
2008 1 : 6,000 0.10 April 2008 
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Figure 6-4: Autocorrelation of annual averages of Lake Erie water level. The variable is not correlated 
with itself over lag periods beyond 7 years. Autocorrelation calculations were applied to the entire time 
series 1931-2008 with time lags from 1 to 39 years (half the 77 year data period). 
 
Table 6.2: The temporal spans (TS) and predictive intervals (PI) used in this study. 
Year of airphoto 1931 1959 1973 1977 1985 1990 2000 2004 2006 2008 
Prediction (1990-2008)  -------------------------TS1 --------------   --------PI1 -------------- 
Prediction (2000-2008)  -----------------------TS2 -------------------------   -------PI2 ------ 
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6.5 Results  
6.5.1 Actual Shoreline Changes (1931-2008) 
Net shoreline displacements in 1931-2008 are generally similar to those described by BaMasoud and 
Byrne (2011), where all of the eastern PPNP shoreline retreated, and most of the western PPNP 
shoreline advanced (Figure 6-5). All transects along eastern PPNP exhibited net shoreline retreat with 
a median of -74.4 metres over the period 1931-2008 (Table 6.3). The retreat was not uniform with 
shorelines in the area just south of the transverse ridges (Figure 6-2) retreating the least (as little as 26 
metrea) and shorelines in the northern part near the lakeside of Bush Pond retreating up to 281 
metres. Up to 76% of transects along western PPNP exhibited net shoreline advance by the end of the 
1931-2008 period (up to 24 metres), with a median of 10.3 metres (Table 6.3). The scale of change 
over the period was less than that of the eastern PPNP shorelines (Figure 6-6 & Figure 6-7). Most of 
the shoreline retreat occurred at the southern tip, with up to 43 metres of retreat.  
6.5.2 Shoreline Position Predictions, Predictive Interval: 1990-2008 
Errors from the shoreline change predictions, represented by the MAE and RMSE values, are listed in 
Table 6.4. To test for significance of differences among the three methods of EIP values, an ANOVA 
test was carried out and it resulted in the rejection of the hypothesis that there is a significant 
difference among the three methods’ |EIP| arithmetic means at the 95% confidence level. 
6.5.3 Predictions in Eastern PPNP 
For the predictive interval 1990-2008, the spatial median of actual shoreline positions in 2008 was -
74.4 metres, referenced to the 1931 shoreline, indicating retreat for most of the eastern PPNP 
shoreline. All three methods projected shoreline retreat, consistent with the actual 2008 positions. 
Medians of projected positions were all negative ranging from -31.3 to -79.5 metres (Table 6.3). A 
majority of the high retreat values were concentrated in the northern part of eastern PPNP, near the 
park’s border with Marentette Beach, a heavily armoured residential shoreline (Figure 6-2). Mean 
absolute error was 19.1 metres for the EPR method, with a standard deviation of 6.4 metres (Table 
6.4). Mean absolute error was 17.6 metres for the LR method, with a standard deviation of 3.2 metres. 
Mean absolute error was 52.1 metres for the LLP method, with a standard deviation of 7.3 metres. 
Based on the of RMSE of absolute EIP values, the best performing method for eastern PPNP is LR 
followed by the EPR method, with RMSE values of 26.3 metres and 33.2 metres, respectively. The 
worst performing method is the LLP method at 60.8 metres.  
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Figure 6-5: Actual shoreline displacements as of 2008 in reference to the 1931 shoreline. The figure is an 
aerial photo of the study area displaying the range of shoreline retreat and advance that has occurred 
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since the earliest aerial photo (1931). The greatest shoreline retreat occurred in the Northeast portion of 
the study area. 
6.5.4 Predictions in Western PPNP 
For the predictive interval 1990-2008, the spatial median of actual shoreline position in 2008 was 
+10.3 metres, in reference to 1931 shoreline positions, indicating shoreline advance of most of 
western PPNP. Two methods, the EPR and LLP projected shoreline advance; however, the LR 
method projected shoreline retreat (the median of projected positions was +3.4, +0.9 metres and -0.8 
metres respectively; Table 6.3). Mean absolute error was 8.6 metres for the EPR method, with a 
standard deviation of 5.0 metres (Table 6.4). Mean absolute error was 11.9 metres for the LR method, 
with a standard deviation of 4.8 metres. Mean absolute error was 10.0 metres for the LLP method, 
with a standard deviation of 5.6 metres. Based on the RMSE of absolute EIP values, the best 
performing method for western PPNP is EPR followed by LLP, with RMSE values of 9.9 metres and 
11.5 metres, respectively. The worst performing method is LR with a RMSE of 12.8 metres.  
Since the comparison for MAE and RMSE values gave similar results for both sides when using 
RMSE values as proxy for performance, the following comparison is based solely on RMSE values. 
6.5.5 Performance of Prediction Methods 
For western PPNP, the EPR method performed best compared to other methods, with a RMSE value 
of 9.9 metres (Table 6.4). For eastern PPNP, the method ranked second after LR, with RMSE value of 
33.2 metres. The median value of prediction was very close to the actual eastern positions in 2008 (-
74.5 metres vs. -74.4 metres, Table 6.3). However, the RMSE value was high at 33.2 metres, when 
compared to the western side at 9.9 metres.  
 
For eastern PPNP, the LR method provided the best predictions among the three methods with a 
RMSE of 26.3 metres (Table 6.4). For western PPNP the method provided the least accurate 
predictions with a RMSE of 12.8 metres.  
 
The LLP method resulted in the highest RMSE value among the three methods for eastern PPNP 
predictions, 60.8 metres. In contrast, the LLP method ranked second in western PPNP with a RMSE 
of 11.5 metres.  
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The |EIP| values for the three methods were not uniformly distributed across the two shores. The east 
side of the park exhibited disproportionately high values of prediction errors for the northern section, 
Northeast Beach, for the three methods (Figure 6-6). The three methods exhibited high error in the 
middle section of the west side (between Northwest Beach and West Beach; Figure 6-7).  Near the 
west side of the tip (transects 246-285; Figure 6-7), the EPR and LR methods exhibited heightened 
values of |EIP| in that section. 
 
Comparing the predictive interval 1990-2008 to the shorter predictive interval 2000-2008 resulted in 
lower magnitude MAE and RMSE values for all three methods for the shorter interval, indicating 
better projections (Table 6.4). 
 
Table 6.3: Median values for the actual shoreline position and the predicted positions in reference to the 
1931 shoreline for the two sides of the park using predictive interval of 18 and 8 years. The predicted 
values are based on the three models: End Point Rate (EPR), Linear Regression (LR) and Lake Level 
Predictor (LLP). 
	   	   End	  Point	  (m)	   Linear	  Regression	  (m)	   Lake	  Level	  Predictor	  (m)	  
Medians	   Actual	  
Position	  
2008	  	  
Predicted	  
Position,	  	  
Predictive	  
Interval:	  
1990-­‐2008	  
Predicted	  
Position,	  	  
Predictive	  
Interval:	  
2000-­‐2008	  
Predicted	  
Position,	  	  
Predictive	  
Interval:	  
1990-­‐2008	  
Predicted	  
Position,	  	  
Predictive	  
Interval:	  
2000-­‐2008	  
Predicted	  
Position,	  	  
Predictive	  
Interval:	  
1990-­‐2008	  
Predicted	  
Position,	  	  
Predictive	  
Interval:	  
2000-­‐2008	  
Eastern	  
PPNP	  
-­‐74.4	   -­‐74.5	   -­‐63.7	   -­‐79.5	   -­‐77.6	   -­‐31.3	   -­‐38.9	  
Western	  
PPNP	  
+103	   +3.4	   +12.7	   -­‐0.8	   +4.7	   +0.9	   +2.8	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Table 6.4: Mean Absolute Error in Prediction (MAE) and Root Mean Square Error (RMSE) of absolute 
values of Error in Prediction (|EIP|) values for the two sides of the park using predictive intervals 1990-
2008 and 2000-2008. The predicted values are based on the three models: End Point Rate (EPR), Linear 
Regression (LR) and Lake Level Predictor (LLP). 
	   End	  Point	  (m)	   Linear	  Regression	  (m)	   Lake	  Level	  Predictor	  (m)	  
	   Predictive	  
Interval:	  
1990-­‐2008	  
Predictive	  
Interval:	  
2000-­‐2008	  
Predictive	  
Interval:	  
1990-­‐2008	  
Predictive	  
Interval:	  
2000-­‐2008	  
Predictive	  
Interval:	  
1990-­‐2008	  
Predictive	  
Interval:	  
2000-­‐2008	  
	   MAE	  ±	  Standard	  Deviation	   MAE	  ±	  Standard	  Deviation	   MAE	  ±	  Standard	  Deviation	  
Eastern	  
PPNP	  
19.1	  ±	  6.4	   16.4	  ±	  2.3	   17.6	  ±	  3.2	   13.8	  ±	  4.1	   52.1	  ±	  7.3	   41.9	  ±	  5.3	  
Western	  
PPNP	  
8.6	  ±	  5.0	   4.5	  ±	  4.6	   11.9	  ±	  4.8	   5.8	  ±	  3.6	   10.0	  ±	  5.6	   8.1	  ±	  4.8	  
	   RMSE	  of	  |EIP|	   RMSE	  of	  |EIP|	   RMSE	  of	  |EIP|	  
Eastern	  
PPNP	  
33.2	   23.1	   26.3	   23.7	   60.8	   48.2	  
Western	  
PPNP	  
9.9	   6.5	   12.8	   6.8	   11.5	   9.4	  
 
Figure 6-6: Actual shoreline positions for eastern PPNP in 2008 versus displacements predicted by end 
point rate, linear regression and lake level predictor methods (prediction interval 1990-2008). 
Displacements are in reference to the 1931 shoreline positions. 
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Figure 6-7: Actual shoreline positions for western PPNP in 2008 versus displacements predicted by end 
point rate, linear regression and lake level predictor methods (prediction interval 1990-2008). 
Displacements are in reference to the 1931 shoreline positions. 
 
6.6 Discussion 
6.6.1 Actual Shoreline changes 
The long-term trend, resulting from a variety of factors, for the eastern side of the park is shoreline 
retreat (Figure 6-8). This trend is explained by several factors. Surface wave action on the eastern side 
is typically higher than that on the western side, a result of the longer open-water fetch east of the 
park, resulting in larger and stronger waves.  Although the region’s wind regime is dominated by SW 
to W winds, severe NE to E storms occur especially during fall and spring (Coakley, 1977). These 
winds are aligned along the greatest fetch distance in Lake Erie, generating highest waves around the 
park, causing erosion of the east shore. Lower ice cover in winter due to deeper waters and larger 
waves results in more exposure to winter storms and hence more erosion. Further, the eastern shores 
are especially vulnerable to erosion during low lake levels because of the cohesive nature, mainly 
glacial till, of the underlining layer of the east side (Coakley et al., 1998). Fine sediments in the 
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glacial till are drifted permanently offshore once eroded and do not build up the beach during calm 
periods. The retreat rates post-1973 were higher along eastern PPNP shore than pre-1973 (Figure 
6-8), likely the consequence of shoreline protection structures installed in 1973 in Marentette Beach, 
just north of the park. The installations obstructed sediment flow toward the park’s eastern shores and 
caused up to 200 metres of retreat within the following four years along the northern shores of the 
park’s eastern side (BaMasoud and Byrne, 2011; Coakley, 1977; LaValle and Lakhan, 1997).  
 
The advance of western PPNP shoreline is attributed to longer duration of ice coverage during winter 
and favorable topography and sedimentary conditions in comparison to the east side (BaMasoud and 
Byrne, 2011). The majority of transects exhibiting retreat are located in the southern part of western 
PPNP. Unlike the rest of western PPNP, the tip has been retreating for most of the 1931-2008 period 
except the years 1985-2000, indicating a long-term erosional trend for the tip.  
6.6.2 Shoreline Position Predictions 
Using both predictive intervals, the |EIP| values in the park were not uniform, with some areas 
showing greater |EIP| than others. The northern side of eastern PPNP, Northeast Beach, exhibited the 
highest values of |EIP| of the three methods. LaValle and Lakhan (2000) documented higher erosion 
at Northeast Beach in the 1970s and proposed that it experienced disproportionately higher erosion 
during high water level periods because of the influence of artificial structures installed in the area. 
The relative large values in |EIP| for Northeast Beach is attributed to human-installed structures just 
north of the park in Marentette Beach that were installed as a response to rising lake levels (Coakley, 
1977; LaValle, 1985-1995; LaValle and Lakhan, 1997). These structures disrupted sediment flow to 
the park, causing high erosion during 1973-1977 at Northeast Beach, followed by high accretion 
during 1977-1985 (BaMasoud and Byrne, 2011). Another area of high |EIP| is the middle section of 
the west side, where the three methods underestimated the actual shoreline advance in that section 
(Figure 6-5 and Figure 6-7). Near the west side of the tip (transects 246-285; Figure 6-7), the EPR 
and LR methods overestimated the retreat of shoreline in that section (Figure 6-5). At the end of the 
depositional section of the two littoral cells, the tip area exhibited high |EIP| on both sides. The high 
|EIP| values in the tip area are attributed to fluctuations in the amount of sediments reaching the tip, 
increasing the difficulty in predicting shoreline positions for that area.   
The RMSE and MAE values were considerably higher for eastern PPNP than for western PPNP for 
all three methods (Table 6.4; Figure 6-6; Figure 6-7). The difference in scale of RMSE and MAE for 
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the two sides is attributable to the difference in conditions between the two sides as discussed in the 
section above. 
6.6.3 Performance of prediction methods 
Performance of the three prediction methods varied with physical conditions on each side. On the east 
side, the LR method performed best while on the west side the EPR method performed best. Although 
the LLP method ranked second for the west side, it can be more reliable than the EPR method under 
certain conditions as will be explained below. 
 
The EPR method has a disadvantage in that it ignores all middle data points and uses only two points. 
Therefore, its performance depends on the chance that the slope of the line connecting the two points 
is representative of the long-term trend of shoreline changes. The EPR method performance for the 
west side of PPNP (RMSE = 9.9 metres, lowest among the three methods) is attributable to the 
coinciding proximity of the 2008 data point to the line connecting the 1931 and 1990 points, despite 
the fluctuating shoreline displacements during 1990-2000 (advance period) and 2000-2008 (retreat 
period) (Figure 6-8). For the east side of PPNP, the method’s RMSE value was high (33.2 metres), 
despite only 0.1 metre difference between the median actual and predicted 2008 shoreline position. 
The high RMSE value for the east side is a result of high spatial variability in shoreline change rates 
from one area to another on this side as observed in BaMasoud & Byrne (2011). 
 
The difference in performance for the LR method for the two sides is attributable to the different 
long-term patterns of shoreline changes for the two sides. On the east side, the average shoreline 
change had a strong long-term trend of erosion with a high correlation coefficient between the median 
actual displacements and the regression line (R2 = 0.89, significant at the 95% confidence level; 
Figure 6-8). On the west side, shoreline displacements fluctuated around a weak trendline, resulting in 
a much lower correlation coefficient compared to the east side (R2 = 0.39, not significant at the 95% 
confidence level; Figure 6-8). The high correlation coefficient value for the east side of PPNP means 
that a higher percentage of variation in the shoreline displacement can be explained by the long-term 
trend in shoreline displacement and vice versa for the west side of the park, resulting in better 
performance for the LR method in eastern PPNP. 
The LLP method performs best in areas where there is strong correlation between shoreline 
displacements and water level changes. BaMasoud & Byrne (2011) used standardized values of 
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average shoreline displacements relative to the 1959 shoreline and standardized average annual lake 
levels over the period 1959-2004 to explore the relationship between the two variables for the east 
and west sides of PPNP. Their findings indicated no correlation between the two variables for eastern 
PPNP and strong inverse correlation for western PPNP (R = -0.79). Results from this study 
corroborate their findings. The weak correlation between lake level and shoreline changes for the east 
side resulted in high |EIP| values for the method and vice versa for the west side. The strong 
correlation for western PPNP is attributable to the type of sediments (loose aeolian and shoreface 
sand), and the shallowness of the western basin of Lake Erie, both of which allow for a sediment 
response in which beach sand migrates to the nearshore zone during high water levels and high wave 
conditions and gets deposited back at the beach during low water levels and calm wave conditions. 
Furthermore, winter ice-coverage on the west side of the park plays a role in protecting beach 
sediments from removal outside the littoral zone and keeping them available for deposition in periods 
of calm weather and/or low water levels (BaMasoud and Byrne, 2012). A source of error in this 
method is the autocorrelation of the independent variable with itself over periods less than 7 years for 
Lake Erie, which affects the outcomes for the dependent variable when shorter intervals are used. 
Although, the LLP method did not perform best among the three methods in western PPNP, it may be 
used to learn about expected shoreline responses to rising or falling lake levels in areas where there is 
a strong correction between the two variables, such as the western shores, where it gave fair 
predictions.   
 
The length of TS and PI affected the accuracy of predictions for PPNP. When using the longer TS2 
and shorter PI2, MAE and RMSE values were lower in magnitude in all three methods for both sides, 
indicating more accurate predictions compared to the shorter TS1, longer PI1 (Table 6.2, Table 6.4). 
The difference is likely a result of the differences in TS and PI lengths. Based on the difference in TS, 
the findings from this study are supportive of the widely-held belief that longer TS minimize potential 
random error and short-term cyclical variability (Crowell et al., 1993; Dolan et al., 1991). 
 
Additionally, the findings suggest that the shorter the PI is, the more accurate the predictions are. This 
conclusion is consistent with the findings of Maiti and Bhattacharya (2009), who found that for 
regions affected by anthropogenic interventions, shorter PI gives more reliable estimates. The east 
side is heavily affected by human-installed structures just north of the park as discussed above. The 
impact of human-installed structures on the western side is less prominent due to longer duration of 
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ice coverage during winter and favourable topography and sedimentary conditions (BaMasoud & 
Byrne, 2011). As a result, the shore continued to accrete for most of the second half of the last 
century despite the existence of five small-craft harbours that acted mainly as sediment sinks. 
 
Figure 6-8: Time series of median values of actual shoreline displacement in PPNP shorelines in reference 
to 1931 shoreline. Straight lines represent linear least squares fit with correlation coefficient displayed 
next to each. Years with airphoto data used in the study are marked by white and black squares 
superimposed on the median shoreline displacement lines. 
 
6.7 Conclusions 
In this study, the difference in performance of the three methods used to predict future shoreline 
positions underscores the need for site-specific predictions. There is no standard method across the 
board for shoreline position predictions even within a relatively small area such as Point Pelee 
National Park. Local differences in shoreline response to environmental conditions can be significant 
in influencing which is the most accurate method for shoreline position prediction in the system in 
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question. Areas impacted by human-structures not only experience heightened shoreline changes but 
also exhibit higher errors in prediction of future shoreline positions. 
  
The EPR, widely used for shoreline change rate estimation, can give the best performance in areas 
where the two points used to estimate the rate happen to be along or close enough to the long-term 
trendline as was the case for the west side of PPNP. Therefore, it remains a method that is 
systematically prone to large error in prediction because it uses only two data points. The LR method 
performs better than the other two methods for an area where a strong long-term trend of shoreline 
change exists (e.g. strong advance or retreat), as in the east side of the park in comparison the west 
side. However, the method does not perform as well relative to the other two methods in areas with 
weak long-term trend of shoreline change since even low variability around the trendline will result in 
weak correlation. Lake Level Predictor may be used to model shoreline responses to rising or falling 
lake levels in areas where there is a strong established correlation between the two variables, such as 
for the west side. Longer temporal spans of data improve the predictive accuracy of shoreline change 
rate methods whether the area in question is heavily impacted by human-installed structures or not. 
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Chapter 7 
Thirty-year Shoreline Change Projections: 2008-2038 
7.1 Introduction 
Understanding and developing a reliable projection for Point Pelee shorelines positions are vital to 
developing strategies and area management approaches for the sustainability of the park’s ecosystem 
and the park’s visitor experience. The western shorelines of the park support the majority of visitor 
experience opportunities and contain most of the visitor facilities and supporting infrastructure (Parks 
Canada, 2010). 
 
Using the shoreline data for the east and west sides of PPNP from a 77 year period (1931-2008), a 30 
year shoreline projection is generated based on the shoreline change rates discussed in BaMasoud and 
Byrne (2013).  
7.2 Data and Methods 
The data used in the 30-year projections is described in BaMasoud and Byrne (2013). The digitized 
shorelines were consequently used to project future shoreline displacements along the transects used 
in the former study using the End Point Rate (EPR) and Linear Regression (LR) methods. In the EPR 
method, only two shorelines were used, 1931 and 2008. In the LR method, all of the available 
shorelines were used: 1931, 1959, 1973, 1977, 1985, 1990, 2000, 2004, 2006 and 2008.  
 
The positions of projected shorelines are obtained using the displacements calculated in the study and 
former shoreline positions according to the formulae described below along transects used in the 
former study. The graph in Figure 7-1 represents three shorelines, 1931, 2008 and 2038. The 
coordinate system used in NAD 1983, UTM , Zone: 17N.  
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Figure 7-1: Graph used in shoreline position calculation 
 
 
 In the graph,  
1. (x1,y1): position of shoreline along a transect perpendicular to the 1931 shoreline in the 
UTM coordinate system. These positions were obtained from the digitized 1931 shoreline. 
2. (x2,y2): position of shoreline along a transect perpendicular to the 2008 shoreline. These 
positions were obtained from the digitized 2008 shoreline. 
3. (x3,y3): position of shoreline along a transect perpendicular to the projected 2038 
shoreline.   These positions are unknown and are calculated using the formulae below. 
4. L1: displacement of shoreline between 1931 and 2008 along the transect used. 
5. L2: displacement of shoreline between 1931 and 2038 along the transect used. 
6. α: angle between shoreline displacement and earth latitude in the UTM coordinate system. 
To find the coordinates of the projected 2038 shoreline position along the transect above, we calculate 
the values of x3 and y3 in the UTM coordinate system as following: 
∵   L! = y! − y! ! + x! − x! ! 
and cos ∝ =   
x! − x!
L
; sin ∝ =   
y! − y!
L
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∴    x! = x!   + L!×cos ∝ ;where  cos ∝ =   
x! − x!  
L!
 
and    y! = y!   + L!×sin ∝ ;   where  sin ∝ =   
y! − y!  
L!
 
Consequently, once these positions were calculated, the projected shoreline was constructed by 
connecting the points between each pair of transects. In addition to displaying the projected 
shorelines, net areas lost to the lake were calculated by converting shoreline polylines into polygons 
and using ArcGIS spatial statistics tools. 
7.3 Results and Discussion 
The two methods projected net area loss for the park, mainly on the east side. This is similar to the 
trends observed in the 1931-2008 period, where the east side retreated and the west side advanced. 
The retreat on the east side was higher than the advance on the west side, resulting in net loss to the 
park’s area (Figure 7-2).  
 
The areas projected to be lost to the lake are listed in Table 7.1. With reference to the park’s area in 
2008, about 300,000-333,000 square metres of the park’s area will likely be lost to the lake. In 
comparison to the park’s area in 1931, by 2038 the park will have shrunk by 6.4%. Based on the 
projection, the majority of the loss will be on the east side and the southern tip from both sides while 
the rest of the west side will stabilize or slightly advance Figure 7-3.  
Table 7.1 Areas projected to be lost to the park. Differences in negative indicate net area loss. 
Year Area [km2] Area difference in 
reference to 1931  
Area difference in 
reference to 2008 
1931 15.6722 0 0.7426 
2008 14.9296 -0.7426 0 
2038 (EPR) 14.6379 -1.0343 -0.2917 
2038 (LR) 14.5963 -1.0759 -0.3333 
 
On the east side, the thin beach ridge separates the park’s marshes from Lake Erie. Should erosion 
continue, a breach of the beach ridge along of the east side can take place and cause damage to the 
marsh structure and ecosystems. Such a breach would be damaging to the ecosystem because these 
marshes are closed wetland ecosystems, small relative to the lake’s ecosystem, with unique fauna and 
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flora (Parks Canada, 2010). Post 1973-erosion on the east side, the beach separating Bush Pond on the 
NE Beach was breached and at least up to 1977, the two bodies of water were mixed (Figure 7-4). In 
addition to Bush Pond, Lake Pond and Redhead Pond are two large marshes under similar threat from 
eastern beach ridge breach.  
 
The Tip area is one of three visitor nodes in the park and remains a popular attraction as the 
southernmost point of mainland Canada (Parks Canada, 2010). Compared to its 1931 extend, the Tip 
retreated by 567 metres by 2008 and is likely to continue its retreat, despite being at the depositional 
end of the two littoral cells on east and west of the park.  
 
While the west side generally exhibited net shoreline advance by the end of 2008, the area exhibited 
heightened erosion in the winter of 2006 period that was probably associated with lower-than-average 
ice cover. Ice-free and lower-than-average ice cover winters are likely to increase in frequency as a 
result of global climate change (Lofgren et al., 2002; Mortsch, 1999), leading to increased 
opportunities for sediment erosion especially in the Tip area (Figure 7-3). 
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Figure 7-2: Areas of erosion and accretion during the period 1931-2008. Note that on the west side, the tip 
is also eroding, unlike the rest of the west side. 
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Figure 7-3: Shorelines for 1931, 2008 and 2038 (projected) 
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Figure 7-4: Bush Pond and NE Beach changes between 1973 and 1977. 
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Chapter 8 
Conclusion 
Point Pelee National Park of Canada, a cuspate foreland along the northern shoreline of Lake Erie, is 
subject to storm waves, storm surges, and seiches from all sides except its north. The PPNP is one of 
the most biodiverse national parks in Canada (Trenhaile and Dumala, 1978; Smith and Bishop, 2002). 
The park contributes to the regional economy through tourism by tens of thousands of visitors to the 
park and its shores. Understanding the park’s shoreline change spatial and temporal variability is 
important for hazard zoning, regional sediment budget and development setback planning. In the past, 
the shoreline erosion of Point Pelee National Park (PPNP) had caused concern as a serious problem 
for decades. In spite of several attempts to reduce such erosion, it continued over most of the years of 
the 20th century. 
 
This study takes advantage of the availability of ortho-airphoto data from 1931 to 2008. New 
advancements in geographic information systems make shoreline change analysis feasible with 
reasonable effort and time and provide new insights by using different methods of shoreline change 
estimation. Ice cover data from 2004-2006 is also analyzed for further insights in how the park’s 
shorelines respond to changes in ice cover.  
8.1 Summary 
8.1.1 Shoreline changes in PPNP 
Shoreline change rates are estimated for the period 1959-2004 using ortho-airphotos of PPNP. The 
eastern shorelines exhibited retreat through most of the study period especially in the Northeast 
Beach, where it averaged -3.14 m˖y-1, and vice versa for the western shorelines. The relationship 
between shoreline change and Lake Erie water level was explored. The eastern side of the Park 
experienced varying recession regardless of Lake Erie water level changes. The western side of the 
park had a inverse relationship with Lake Erie water levels. Longer duration of ice coverage during 
winter, favourable topography, and sedimentary conditions led to the observed difference in shoreline 
response. Future climate change patterns are expected to result in lower lake levels and less winter 
ice-coverage, both of which will likely result in a net loss to the park’s land habitat.  
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8.1.2 Low ice cover impact on western shores 
The western shoreline of the park advanced during the period 1959-2004, as described above. 
However, the western shore exhibited high recession rates in the winter of 2005/2006 (average EPR = 
-0.97 m˖y-1). Compared to the winter of 2003/2004, changes in Lake Erie water levels, winter wind 
regime and human-made structures and interferences were negligible during 2004-2006 within the 
Colchester-to-Southeast Shoal littoral cell in western Lake Erie, where PPNP is located. Typically, 
the western Lake Erie basin exhibits freeze-up conditions during winter. However, the winter of 
2005/2006 exhibited overall low ice cover conditions. Therefore, the 2006 high recession rates on the 
western shoreline were attributed to the low ice cover conditions in the winter of 2005/2006. While 
less-than-average ice cover does not in its own cause erosion, in certain areas it increases the 
opportunity for sediment removal by waves by removing protection during winter. This shoreline 
retreat episode illustrates the potential impacts of ice-free and low ice cover winters on the western 
shore of Point Pelee and shores under similar conditions. The study outlines the physical conditions 
under which a shore that would probably experience erosion inhibition as a net impact of winter ice-
coverage:  
• The shore is shielded from waves for extended periods during winter by shore ice coverage.  
• The shore experiences winters accompanied by highest storm intensity and frequency 
compared to the other seasons.  
• The shore is directly exposed to waves generated by winter storm and high speed winds.  
• The shore consists mainly of unconsolidated sediments that can migrate offshore and onshore 
during active and calm wave conditions. 
Shorter ice-durations and more frequent ice-free winters in the western basin of Lake Erie are 
projected in future climate change patterns. These patterns will expose western PPNP to wave action 
during the winter season, resulting in increased opportunity erosion that will negatively impact 
ecologically and economically viable spaces in PPNP.  
8.1.3 Shoreline change methods and projecting future positions 
Shoreline retreat has significant consequences for Point Pelee National Park’s (PPNP) ecological and 
economic systems. Three methods for shoreline position prediction were evaluated for predicting 
observed shoreline positions: end point rate (EPR), linear regression (LR) and Lake Level Predictor 
(LLP). On both sides, short-term predictions were more accurate than the longer-term. For eastern 
 
 124 
and western PPNP, the LR and EPR methods performed best, respectively. The LLP method 
performed better for the western side than for the eastern side, underscoring the relationship between 
water level and shoreline position. For all methods, NE Beach exhibited the highest errors in 
prediction, likely a result of the human-made structures installed in the Marentette Beach, adjacent to 
the park. The study proposes site-specific method testing before predicting shoreline positions to 
quantify the errors associated with each method. The LR method performs best whenever there is a 
strong long-term trend for shoreline position changes. The performance of the EPR method depends 
largely on the selection of the two points used in its calculations. Human alterations of the sediment 
budget likely lead to high uncertainty in shoreline positions predictions for affected shores.  
The two methods, EPR and LR, projected net area loss for the park, mainly on the east side. The 
retreat on the east side was higher than the advance on the west side, resulting in net loss to the park’s 
area. With reference to the park’s area in 2008, about 300,000-333,000 square metres of the park’s 
area will likely be lost to the lake. In comparison to the park’s area in 1931, by 2038 the park will 
have shrunk by 6.4%. Based on the projection, the majority of the loss will be on the east side and the 
southern tip from both sides while the rest of the west side will stabilize or slightly advance.  
8.2 Contribution to the literature 
The research findings of this study contribute to the literature by broadening our understanding of the 
processes affecting Point Pelee shorelines with some theoretical implications.  
 
Expanding the literature on Point Pelee, the study analyzed the shoreline changes for the two sides of 
the park. The study validates findings from previous studies regarding the temporal trends of the 
park’s retreating eastern shoreline and advancing western shoreline using airphoto data. In addition, 
this study relates these trends to physical processes such as Lake Erie water level and winter ice cover 
changes. The study tested three shoreline position prediction methods and make recommendations 
regarding method selection based on their performance. The results of prediction method accuracy 
methods were used to project shoreline changes into the future to help the park management in 
planning ahead for these changes. 
 
Contributing to the theoretical development of Coastal Geomorphology, this study illustrates that 
winter freeze-up can play a role in shielding the western shore from winter storms, resulting in a net 
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effect of erosion inhibition. A summary is presented of the physical conditions under which a shore 
that would probably experience erosion inhibition as a net impact of winter ice-coverage. The study 
proposes site-specific method testing before predicting shoreline positions to quantify the errors 
associated with each method. There is no universal method for shoreline change prediction.  
8.3 Implications for the park’s management 
The results from this study should be considered and incorporated in the park management plan.  
The retreat of the eastern shoreline and the advance of the western shoreline of the park will continue 
to reshape the park as we know it today. The western accretion trend was reversed in the winter of 
2006, resulting in wide recession across the western shores. Future trends of winter ice cover will 
play a role in how the shoreline changes. Higher rates of erosion on the eastern side versus lower rates 
of accretion on the western side mean that the advancement of the western shoreline will not 
compensate for the loss of land on the eastern side. By providing rates of shoreline change to the 
park, its management will be able to estimate when and where is best to act.  
 
The main purpose of the Point Pelee National Park is to protect the natural resources it represents 
(Lee et al., 1995). The 2010 management plan of the park recognizes the coastal processes taking 
place on the two sides of the park as natural processes. The plan recognizes the shorelines as distinct 
areas within the park that require specific management approaches to address challenges (Parks 
Canada, 2010). One of the park management’s objectives is to participate in the development of a 
collaborative erosion management strategy to mitigate and manage erosion along the eastern and 
western shoreline. The findings of this study aid the park’s management in deciding whether the 
current changes in the park are still naturally occurring given the human-induced changes in the areas 
around the park affecting sediment supply and global climate change probably leading to lower ice 
cover during winter. The park management will have to decide whether active protection of the 
shorelines is a worthwhile mission to fulfill the park’s mandate and objectives in protecting the park’s 
natural resources. The study supports an integrated coastal zone management plan, which may 
contribute to the solution by taking a comprehensive approach to ecological, economical, social and 
environmental concerns and thus addressing the needs and goals of the different stakeholders in the 
region. Park management will need to consider using a littoral-cell based spatial framework to deal 
with influences of other stakeholders in the region on the park’s shorelines. 
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8.4 Limitations of the study 
The study conducted had some limitations. Ortho-airphotos used in this study are but snapshots of 
how the shorelines were at the time the photos were taken. They may not capture important changes 
in the area following events such a storm or water surge. Short-term and seasonal changes are not 
captured either since the airphotos are taken infrequently, especially in the period pre-2000, with gaps 
in data of up to 28 years (e.g. 1931-1959). While long-term changes are important for the study, the 
short-term changes are also significant and would have provided further insights the shore response to 
physical processes. Though orthorectified, the digitized shoreline data have errors associated with 
residual airphoto distortions, digitization and georeferencing. The study would have benefited from 
investigating long-term storm frequency and intensity to deduce any long-term trends in relation to 
shoreline changes. Ice cover data had gaps that required using weekly averages, decreasing the 
temporal resolution of the data. Shoreline change methods are limited in what they can predict. Even 
while selecting the best performing method, it is evident that the error magnitude is relatively high 
due to data variance.  
8.5 Future work 
Despite the work done so far on Point Pelee’s shorelines, further studies can be conducted to better 
understand its shoreline changes.  
1. Investigating the storm frequency and intensity changes over the last few decades to examine 
long-term trends and what that means for future trends of shoreline changes.  
2. Monitoring the western shoreline to validate the impact of winter ice cover on the shoreline 
changes in the area over time.  
3. Modeling the variability of the Point Pelee tip, one of the major tourist attractions in the park, 
to understand its spatial and temporal variability and enable informed decision-making. 
4. Applying learned lessons from Point Pelee to examine shoreline changes in other parks in Lake 
Erie and other parks in the Great Lakes to advance the mandate of Parks Canada in protecting 
our natural capital. Such lessons can be applied also to other marine coasts.  
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